s e

S oE ».'-x-.;'»i N:-‘t’“;‘:_,;‘;'_'_‘f*;‘m
. s y

A, Eoonomic Geology, 47

B, Descriptive Geology, 59

Professional Paper No. 388 Series {

.

DEPARTMENT OF THE INTERIOR
UNITED STATES GEOLOGICAL SURVEY

CHARLES D. WALCOTT, DIRECTOR

ECONOMIC GEOLOGY * j"

BINGHAM MINING DISTRICT, UTAH |

By JOHN MASON BOUTWELL :

WITH . , Y

A SECTION ON AREAL GEOLOGY
By ARTHUR KEITH : , ‘ ;{

AND ' Agf'
Yo
+

‘AN INTRODUCTION ON GENERAL GEOLOGY o
' | By SAMUEL FRANKLIN EMMONS | | :

WASHINGTON |
GOVERNMENT PRINTING OFPFICE

1905

)
i
+

;




BT T

A, Economic Geology, 47

Professional Paper No. 38 . Seriss {B, Descriptive Geology, 59

DEPARTMENT OF THE INTERIOR
UNITED STATES GEOLOGICAL SURVEY

CHARLES D. WALCOTT, DiRECTOR

ECONOMIC GEOLOGY

OF THE

BINGHAM MINING -DISTRICT, UTAH

By JOHN MASON BOUTWELL

WITH

A SECTION ON AREAL GEOLOGY
By ARTHUR KEITH

AND

AN INTRODUCTION ON GENERAL GEOLOGY
- By SAMUEL FRANKLIN EMMONS

"WASHINGTON
GOVERNMENT PRINTING OFFICE

1905



C

LETTER OF TRANSMITTAL .. ec i ccceccacnns

ONTENTS..

..................................... S TTeeercccsn

INTRODUCTION, ON GENERAL GEOLOGY, BY SAMUEL FRANKLIN EMMONS.

Field work...c v oo e e e e e m e e eeeeeemas e ——ann
General features of the region. .. ... ... et et
St et a PRy -+ e e
Igneousrocks. .. ... ..o e et e e e e memaemee e,

Area and age of the intrusives........ e R

Connection of the igneous rocks with ore

deposits. .. L.l

Part I.—AReAL GEoLOGY OF THE BiNGHAM Districr, BY ArRrHUR KEITH.

Topography......... s
General features. .. __ ... . ..eo... .

Direction of MUN-OfF IINeS. . cn cn e e e e et e e e e ce ccec e ccccccecaccecacaaaacacencsnasnnen

Running water. . .. c.covvenmnonanaa..

Sbream grades. ... vt e e e ieeaeaieeieaaananaa.

Forms of the surface. .................
Cliffis and ledges. .. ...................
Vegetation. ... ... ... ... ...

Stratigraphy............. ... ...l

Character and age of rocks. ... ... . i eeniiiaean.

Sedimentary rocks................
Bingham quartzite........._..
Butterfield limestone member. .
Lenox limestone member. .. ..
Jordan limestone member. .. . .

..................................................

..................................................

..................................................

..................................................

..................................................

..................................................

..................................................

..................................................

..................................................

Commercial limestone member. . - ... .. e e e e e
Highland Boy limestone member.. ... ... ... . ... ... . i

Yampa limestone member......

Tilden and Phoenix limestone lentils . ... _ ... ... ... ... .. ... ....... e

Other limestone lentils.._._... .
Recent deposits..._............
Igneousrocks_ ... ... .. ...

..................................................

..................................................

..................................................

Monzonite and monzonite-porphyry. .. . .o . e

Andesite and andesite-porphyry

..................................................

Page,

19

21
24
24
25

N
<o

SEBEERHEEERYYRLREUE8Uussyy



4

CONTENTS.

Geology—Continued.
1513 V3

...........................................................................

...........................................................................

Metamorphism . . ... e ieieeeiiiieiioo. cen

Types of alteration. ... ... . el
Alterations of monzonite. ._...__.. .. .. i, e
Alterations of quartzite. .. .. .. ... e
Alteration of limestone. .. _ ... ... L.l e

Part I1.—EcornoMic GEoLoGY oF THE BinguaM MiNing Districr, UTan, ny JoHN MasoN BouTwELL.

Introduction. . ..

Field work and acknowledgments..._......_._ ... PN P e eeieeaaa
General sketch of economic geology- .. ... .. ... L L. e
Chapter I —History and development_ ... ... ... L il

General history. .. ...

Mining i
Mining i
Mining 1

ndustry in Uteh. ... ... . .. . ... N e

ndustry in the Oquirch Range. ... .. . ... .. . ... ... S
ndustry in Bingham distriet..__.... ... ... ..o . et

History of the Bingham mining distriet. ... .. ... . ... .. e
Early conditions......... ... e . .....................

Discove_ry 0 et
Formation of first mining district. . . . ... il

Other early locations. .. .. ... . Ll

Early development_..__...... e e e e e e e e el
Revision of mining laws._ . _. .. ...

Discovery of placer gold.. .. .. .. ... . ... ... e e e eenieeaiaaen

First shi

pment of Ore.. . ... i i e

Improved conditions; renewed activity... ... ... ... .ol
~ Epoch of lead mining... ...
Epoch of oxidized goldore............... ... ... e e i

" Continuation of lead mining. .. ..... e e e e e e e e e
~ Epoch of copper mining. . ... ...
Processes of mining. . ... ... ._......... et e e e e aeaeeeanaan

Methods
Methods

of exploration. . .. ... ..o
of working deposits. . .. .. .. ... ..

Mining MAaChInery. . o . . ot o o e e
Processes of reduction. ... _...... et eeiaeceeeaaan P Pt
Early smelters. ....__....._... e e e et v e
Gold stamp mills. ... ... .. il

Leaching operations. . .. .. ... ..l
Present smelters. oo . ... o i e et e e e e e e e a e
Concentration MiIlls. . .o L. ot ot i e e e e e e e e e e aeae e

Production. .
Summary of
Bibliography

history of the district.. ... ... .. s ... .iloL. e .

............................................................................

73
73
74
79
79
79
80
80
81
81
8t
&1
82
82
82

ERRIRREHHB

86
87

89
&9
80
91

95
96
98
99



CONTENTS. 5}

Chapter 1I.—Character of the ores.. ... ..o iiiii i - 103
General features. . . ..o oo i e P 103
Typesof ore.. ... .oooon.. et e e r At ae e aiaeaeaa 103
Mineralogical features. . .. ... .. .. e S e e e aeaaaaan 103
GrRdes Of OTeS. - . - e oo e e e e m e amacee o eecm e e 104
Mineralogy of the ores . ... .. .. ... ... ..l . e 104
Ore minerals. . ... S FRERRTREEPRED 104
Gangue minerals. ... .. ... .. .. ..., PR P e ieeiaaaa 118
Values. oo i e e e e e 120
03] ) 13 RO LR LR R T PP 20
7 PRy 121
Silver............ e e e e e et eeaai el 121
(1270 s J DD S S 121
Chapter TIT.—Occurrence of the ores... ... .. .. . . ... . i 123
" Areal distribution...._......_.... ... e 123
Geological distribution. ....... ... Lo e 123
Character of country rock. ... ... .. o e .. 123
Age of country rock.. . ... ... iaiii il e e e et 124
Correlation of ore-bearing members... ... .. ... ... .. i i 124
Relation of ore to country rock. ... ... ... L ...l e e et 126
Physical influences. ... . ... ... ... ... ... e e e 126°
Chemical factors. .. .. . oo i e e 127
Ores in igneous rock. .. ... ... e e 129
Occurrence of ore in limestone adjacent to intrusives.. ... . ... ... ... ... i...o.... 132
VRIS, . e e et 135
Relation of occurrence of ore to deformation of country rock.. .. .. ... ... ... .. ... ......... 135
Character of fractures. . .. .. .. i e e 136
Distribution of fissures. ... ... . ...l 136
Trends und dips of fissures............. ... f e e e e e e e e eeaaao. 137
Relative dates of BSSUrIng. .. .. ... . .. 138
Geologic dates of fissuring...... et iaiaas e rteeana- P &)
Displacement on fissures. ... .. .. ... 140
" Extent of fissures......... U 144
Relation of fissures of Bingham to those of neighboring camps..... ... . .. .. .. SR 146
Relatiou of nietallic contents to trend, dip, extent, and relative date. .. .. ... ... e 146
Pay shoots within ore bodies.. .. .. ... . L. 149
Shoots in fimestone.. .. .. ... .. .. . _..... EE U 18
Shoots in lodes. . .. .. L e Lo 152
Disseminated ore in igneous rocks. ... ... ... ... . ..... et r e emaea e 154
Structure of ore shoots. .. ... L. 154
Structure of copper shoots in limestone... .. ... .. .. e e e e 154
Structure of lead and sitver shoots in lodes.... .. .. .. e e e e e e e 155
Structure of the ores ... ... . ... ... ..., e e 157
Structure of copperores. . .. ... ... ... .. e e 157
Structure of lode ores. ... 168
Paragenesis of minerals in lode ores. ... .. ... . .. L ... 159
General summary. ... 160
Chapter IV.—Genesis of the ores. .. . ... . i e 162
Introduction. .. ... 162



6 CONTENTS.

Chapter IV.-—Genesis of the ores—Continued. Page.
Genesis of copper ore in porphyry.. ... ... ... o LL.L e e et 163
General observations on copper ores in igneous rock ... ... ... oo e 164
Disseminated copper ore in igneous rock. .. o il 167
Superficial alteration of disseminated copper ore in igneousrock. ... ...o.o............. 172
Genesis of the lode ores. ... .. ... oo i I 172
Details to be explained . ... Lo ciiiaiceaaenen 173
Character of deposition. ... .. ... .. ... eiieiiiiiiiiieiaiiiia.. 174
Character of transporting agent. . . it taeitatiaaaiaaaaan 176
Immediate canses of deposition of lode ores ... .. . ... .o . ... .ol e 179
ST LT IR 183
Genesis of the copper ore in limestone....... ... ... iii... B e nanaan 183
Metamorphism of the limestone..._......_ ... ........._. et 184
Process of ore deposition. ... ... .. ... i i aie o aeeeceeencameeaeaenann 192
Relation of fissures to deposition. ... .. ... iiiiaiiiaaas 199
Relation of intrusives to deposition. .. ... ... ... oot ii i et 201
ST 41111y 210
Periods of mineralization. ..........ccuueieiuinranannn. e et taraeereanaan, e 210
Date of ore deposition. ... ...l oottt iiiieaiicacateeaaaaacaaaaa- 211
Superficial alteration. .. ... .. .. e e e e et e eaeaceat e eameceeeettecerareanerenaae 211
~ General character. ... ... . ... .. ... ........ e e e aeseaeeeaemeaaeaeeeaann 212
¥ 70 <~ 212
Present mine waters. ... ... .. aireaaa. e et e e e eaeaem s . 213
Extent of alteration in depth. ... L . iieiieiiiaaen 215
Downward limit of alteration. .. . . . .o it aee i eaaaaeas 217
Alteration of COPPEr-IfON Ore. . .. oo\ un et et e et ae e e e e aeaeas e .. 218
Alteration of lead-silverore. .. ... ... . .ol il e e eeeameaaenn 225
Alteration of gold ore. ... i e iieemeieccececeraeanen 226
Economic IMPOrtanCe. - .. .o u o ittt e e it a e et e aa e e e atencacaaaaaann 228 °
General conclusion. .. .. (Lt e eieeeeiaaceenecaaaaann 229
Chapter V.—Detailed descriptions. .. .. ... . . . i iiiiiiiicaiiicceracaaae-a. 230
Introduction. . .. . i iieeiiiieeiiaeacean e etiaeeaaean 230
Upper Bingham Canyon_. .. .. ... . . . ittt e e e e e eanaaaa- 231
Old Jordan mine. ... ..o ot e aaaan 232
B F Y N 1 oL T 240
ST 7T oy 01 1 T O 241
Neptune mIne. .. ... i a ittt it it it i e ce it casamcacacaeaeaaana eee. 242
Ashland mine. ... e e eaaeeeneiacaanan 243
AdbIno mine. .o .. et et et eae e aaans 244
Spiritualist tUNNel . L e e v ceaaa—aann 245
Commercial mine. . .. ... ... ... .. .._._...... e e e e v 245
Colorado mine__._. .. et e e e e e e e e e e e e e e et ar e 245
Bully Boy tunnels. . ... e eaaaann .. 246
Silver Shield mine ... . oo il e ceeeiareeeieaeaaaa 246
Northern Chief mine. o ... e ettt amcam e 247
Willow Spring tunnel. oo .. e e e eeeaecmceaeaann 247
Bear Guleh. o o e e e iiaiiaao. 248
Old Telegraph mine...._.._.. N 248
Giant Chief mine..._. e e e et e e e e e e e e . 252 °
Rough-and-Ready mine..._._...._ . __.._.... N 253
Bazouk MINe. .« . cu v ettt et e e e e e e et mme e arem e aaaan 253



CONTENTS. (f

Chapter V.—Detailed descriptions—Continued. Page.
Copper Center Gulch and middle Bingham Canyon. ... ... .o .o iiii i 253
Commercial Toine. . .. ... L iiiiiiieacaneienieaaaaans 254
Copper Center tunbel. ... ... i iiiiiiiiiiieieeineiaieaa... 258
Jubilee tunnel.. .. ... ... .. i e e e i eeaaaeiceeaaan 260
Frankhin tunnel. .o oo e o e m e et aaa e eeareearenaan 260
Columibif TOIDE. © .. . oottt e et te e ceamsesacaassesaaessassaseaeaeaeceacenns 260
WAl grOUD. L e e n et iaeamaaeaeeaeaaa 261
Carr Fork........... g et 264
Highland Boy mine. . .. ... .. i iiteae i 264
YAINPA TG, | o on i et ittt e e ot et e i aa e e e e e e e cee e eeeaaaeeeeanaan 269
FRiSCO DUMC. o oo it ot ot e e e e e et vt aaraa e 269
Zalnora MINe. ... ..o e e e e e e ee e am—aaan 269
o o A0 1 4L O 271
Argentine tunnel. ... L. B 27
Parnell mine. ......_. e e M et e e e e e ettt teeaae e ie s 271
MINNIE TNIN. L ot o et it e it e e o e e e e e amamm e, 272

B 1Y o 2 ¢ - USSP 272

B G 390 11 V- U 272
03 3 ¢ 11T U 274
Cuba tunme). . e e e e e e e e 275
Crown POt Irine. o o it i e e e e e e m e 275
Muddy Fork........... e e e e e e e e e e e 276
Last Chance MIRe. ..o i o e e e e e e eeaamaaa. --- 276
Greeley tunnel. .. .. ... ... et eeaeeaeaaaaas 279
Mountain Gem tunpels. L. ... i ieicecieaeaeaanaa. 279
American tunnel. .. oo et aieeeecaaiaam—aans 279

JO T A 'S T YOO~ 4 ¢ |
Burning Moscow Imne. ... .o i e e 281
Boston Consoldated GrouP- ... . .. oo oo e e e e e e e 281
Ingersoll mine. ... .o i i eeeeceeaee i 283

g 10 To] (1 1o - U 283
Bulldozer tunmel. . ... ..o e e et e e 283

Stewart mine...........ocieiaaaoaao.. e T, . e 283

Edison tunnel . ... o i e e e e 284

Peabody tunnel.. .. .. . oo e iiiiiiiea.a.. 284
Campbell tunmel. .. .. .. oo i .. 285

Armstrong tunnel. ... ... ... .. O e 285

Cottonwood Guleh. .. ... . .. ... .. .. .. ....... e e e ae e e e aeaeaas 285
g3 7 3 ¥ T DI 286
Venice CUNNe)S. ot e e e e e 287
Susquehanna No. 2 tunmel. . ... .. . L. 288
May Queen inclinme. . o . L. i 288
Coromandel tunmel .. . . e e 288
Chandler tunmnel. . .. . et e e 288
dersey BIUe MINe .. ... . et en et o e e e e e e e e 288
Dixon Guleh. . ..o e 288

Markham Guloh. .. o e e i o
Montezuma mine. . ... ......_. e e e e e e a—aaana- 200



B CONTENTS.

Chapter V.—Detailed descriptions—Continued. : : Page
Markham Gulch—Continued. )
BT T 2 o3V 291
Sweden BUDNEY. e e e e e e e arem e e e iearans 201
Harrison tunmel. .. e e e e ceaieneaateaaanaeaaa. 281
Hoogley mine. .. ... e e e et iciiiaaaae- 291
Alforata mMINe. - .. e e e i eaeaaaea. e 202
VesPasin MINe. .. .. o i e e e i e e e iaeaeaeaeeeaaeaaanen 292
Mary Emma tunnel. . .. .. ..o e e e, 293
Liaberal M. . . o o it et e e e ettt e eea e reneaaan 293
Ben Butler mine. -. .. . e e e e e s 294
Erlemine. . ... cnur it e e e e e e e e et e e e e 204
Navajo funnels. ... _... ... G Y ceee- 295
Amazon tunpel _.. ... ... .._. e e et e e e 295
Julia Dt IIDe. - .o . e e e e e e e e aaas 295
Red Wing group. .. .. o it e 296
Red Wing mine. <. .. ceonoto i it iie i e 206
Three Black Dog tunnels. ... .. ...l 297
Freeman Gulch. L. . .. e et 298
Red Wing Extension mine. ... .. ..o oo il e 298
Kansas No. 2 tunnel. . ... . i it ittt 209
B D 3 299
Lower Bingham Canyon. ... ... it eaaae. 299
T D (1T 1 111 1 U NP 300
Dixon MIBe. .. .. .eonvninanirancnnn e em et e ae e acaeeeanceeceaaanan e cee.- 3803
Tiewaukee mine. .. ... . Lo e eeraevaan [ 305
Caledonia mine. ... ......-. et e e e e e et et ee e easeiait i aaec e 306
Sedalin tunnel. ... o e e i e e et et an 307
Mohawk tupnel. ... ... ...l e e et iaeeaaa 307
Broad Gauge mine._ .. ... ..ol e ere e 307
Midland mine. ..._........._.. e e ceeeaaeaaae- S . 308
Silver Bellmine. .. ... ... ociemomeinian-. e e et eteeeeeai et aan 309
Midas Creek. ..o . i et e e e e e e et e aas 309
Bingham tunnel... .. .. P 309
Keystone Gulch. ... . e 311
0] o A o3 1 o V- YU I 311
Brooks tunmel. ... ... ... . ....... cveenn e e te et aeeaeeeaenrenaeaeaan 313
Chestertunnel. .. ... .. .. ... .. ........ e e et ettt ceeeae - 313
Congor mine........_... gt 313
B YT V¢ TR 0"
Blaine tunnel ... ... ... ... .. e e e e e et meea e cnaaaaaan 314
Extra Session Ineline. - - . . oo oe e iiieaenen-a... 314
Copper Guleh.. .. ... .l et 315
Dalton and Lark-Lead-Yosemit=-Brooklyn group . .. ... ... ... . ... .iil... 315
New Mammoth MIDe. . . . . .. ot et et e e et e e o e e e e m et 319
Yosemite Guleh. . ..., o 0. et eee-. 319
Brooklyn mine. ... ... . i e eiieeeaseacer e 320

Revere mine. _ .. .. et e e e m e e m e e e mm e e e i ae e e ameiaaraa e aaaaaaaan 321



CONTENTS. 9

Chapter V.—Detailed descriptions—Continued. o ~ Page.
Yosemite Guleh—Continued. : o :
Paradox mine. . . .. ... iiiiiciciciaaa... e e e e 322
St. Joe mine. .. ... niaaaas e 322
No-You-Don’t prospects. ... .o oot o it S 323 .
Badger mine. . .. oo e et iaeaiaeaaeaa. 323
ChiCagO MINe. .. ..t oot e et e e ot et e e e e e e e e e 323
Saints’ Rest Gulch . __.. e e et e e e e e e e e e e e eeaieaeean 323
Daylight Extension tunnel. ... . i cceeaeaeaan 324
Lenox tunmel. ..o oo e e iiieaiiia P 324
Yes-You-Do No. 3 tunnel..... ... ... e i e © 324
Black-jack Gulch....... . .... e et e e e e e e e ieaeaaaan 324
Butterfield group. . .. .. ...l e 325
Queenlode......ooooveoeian ... e e e e e e e e ... 326
Eagle Bird lode. ... ... .. . . Lliii.i.. e eeaeieaaaan 327
Northern Chief Yode. ... ... ... . .. .. ... e 327
Lucky Boy tunnel. ... . ieiiiiii.e. 328
Adjacent gulches........ . ... ... .. e eeeeas e e e e meeiiaaann 328
St. James mIne. .. ... et 328
I-Don’t-Care tunnel. .. .. ... . i i e e 329
Pine Canyon and Baltimore Gulch. . ... .. oL il 329
Starmine. .. ..t e 329
Copper Boy tunnel._.... ... ... ._.... e e 330
Chapter VI —Placers. ..ot it i et i e i e i 331
602 0 a 1 11 Y 331
History and development of placer mining in Bingham... ... ... .. ... . o ... 332
T D T3 332
cBarly activity. ...t e enaiieeieiaeaea.. 332
Present condition. ... .. ... .l 332
Character of gold. . .. .. o i i et emeeameaaan 333
Occurrence of pay.. ... i, e e et eeeieaeceeiaeaaaas 333
g o3 (03128 ATe o W R 335
7 15T 337
Output.... ...l e e e e iiieaiaaan. 337
Future of the industry .. .. .. ..o o i i i e et aaeeeaaan 338
History of auriferous gravels. ... .. ... ... .. .. S RS 338
Present topography. . . . ... 338
Distribution of gravels. ... ... e iiiiaeiiaaaaa 340
Sources of gravels and gold. - ... . e iieciiiaaaaan 341
Stages of erosion.._.... ...l e e e e et e 342
Deposition of gravels.. ... oo oo ot e e aa 345
Correlation of placers. . ... .. .. el 347
Résumeé of history. . ..ot e ee i i i e ieee i iaeeaaiaen. 348
Descriptions of placer mines. .. ... ..o om e o e e 349
Upper Bingham Canyon........ O 349
Creek Gravels. ... oo e e e 349
Bear Gulch.......... L/ AU 350
350

Creek gravels. . ..ovu vt



10 COONTENTS.

Chapter VI.—Placers—Continued. ' Page.
Descriptions of placer mines—Continued. '
Middle Bingham Canyon. ... .. ... iiiieiaiaiiiiiieicieeaaaanaa.. 350

Bench gravels. .. .. ..o 350
ATgOnaUt Pite . oo e et ii et aiiieiaaaaa. 350
Dixon channel . ....... . . ... ... ..... P 351
CheriKINO DaE .« o o o o o e e e e e e e e e e s 351
Clays benmchi. .. e e 352
Creek gravels. ... ... .. L iiiieeaan 352
Heaton & Campbell placer. . .. .. . L aeaa.... 352
Creek worKingS . . .. oo o e e e e 353
Carr Fork. .. i e eeeeaaaean 353
Bench gravels. . e iaieaaeaaaaaaa, e 353
Gardella pit_._... . .. . . ...l R 353
Creek gravels. o ... ..o e ieiiiaaeaa 354
Lower Bingham Canyon. . . ... . i iiiaaeaen 354
Bench gravels. . . .. e ieatmaaamaeaaaan 355
St. Louis workings - - . .. L aiieeeeaeea 355
Lashbrook workings. ... . ... ... ememeaaean 355
Howard pit. .. oot e i e e e ee e aieaeaaaaaaa- 355
Schenk placer. ... .. ... A 355
Rimgravels....... ... ... . _..... e e e e e maa e eaaaetcm e eem - 356
Old chanmel ... . o e ee e eeiaan . 356
L] F1 40 )4 357

DT v O R 358 -
Deep Creek gravels. .. ... .. iiiiiiiiiiiiiieaseii.... 388
West Mountain placer. ... _............... e e eeeeaaaaa 358
Bingham placer. ... ... ... ... e e 359
Other placers. oo oo i e naeaiaaaa 360
Chapter VII.—Commercial applications..... .. .. ... o L 361
Introduction. . . . . ..ot e e ieaeiiaaeiemameie e aana- 361
Prospecting. . . .. ot e e e e aaaaeeaieaaan 361
Exploration of fisSUIes. . . c.cu. oo et aia e 363
Exploration of limestone.......... e e et e e e e e eeeaae e 365
Character of igneous rock masses. ... ... . ... ... ..l i 366
Exploration of intrusives....... e e e e B e e 368
Fanlts. .. ...t e e e e e e e e e eaaaceaeamaaaa 370
Continuity of lode ores_ . ... _ ... ... . ............ e e e e e meameeeemceeaanaa 372
Continuity of copper ore in limestone ... ... . . . .ii.iiiiiicciiiiaiciiiiaacnaa-a. 373
Exploitation of ZINC.... .. .. .. ..o i eiiieiameeaiaaaaaae 376
Exploitation of auriferous gravels_ ... . ... . il 377
Addendum.—Recent developments_ ... L .iiieiiiiiieeceeiieaieaaaao.. 379
Appendix.—Paleontology, by George H. Girty. .. ... . ... .. . . ..ol 387
, Fossils of the Bingham mining district. .......... . ... .. ... .. e e emaemeaeaan 389
396



Prate L
I1.

I11.

IV.

VI.
VII

VIII.

IX.

X1
XII.

XIIIL.
XIV.

XV,
 XVI
XVIL
XV1IL
XIX.

XX.
XXI.

XXIL

XXII1.

ILLUSTRATIONS

Page.
Geologic map of Bingham mining district. .. ... ... . ... ciiiiiiimi In pocket.
Structure sections. .. . ... oo it a i tiietesasare e In pocket.
Head of Bingham Canyon, 1 mile southwest of Old Jordanr mine..._.............__. 32
Head of Carr Fork, Bingham Canyon, from West Mountain Gap, 1 mile southwest of Old
) s - U 34
Cliffs of nearly vertical Bingham quartzite with talus slope south side of Bingham Canyon,
~ opposite mouth of Dry Fork._ ... ... oo 36
Ledges of Jordan limestone at head of Butterfield Canyon. .. ... . ............ .. ... 38
A, Chert nodules in Butterfield limestone, three-fourths of a mile south of Badger mine;
B, Black and white brecciated chert from Jordan limestone, one-eighth of a mile S. 80° E.
of Old Jordan mine; €', Pyrite grains and reaction rims in limestone, Carr Fork, 1,200 feet
northeast of Cottonwood Gulch.._..._. e e e e eieisaiacecereranaaaaas 40
Chert ledges in Commercial limestone, one-third mile N. 55° E. of Telegraph mine, looking
005 1 1Y P 42
A, Coarse porphyritic monzonite, 1,500 feet southwest of Fortune mine; B, Fine porphyritic
monzonite, from U. S. Mining Company’s Delia B. tunnel...._ .. ... ... . ... ... 44
A, Fine-grained monzonite near Silver Shield mine; B, Bleached and iron-stained rings in
weathered monzonite near Telegraph mine - .. .. .. _.......... e vessesasenre e 46
Bedded andesite breccia, one-fourth mile east of Lead Mine ...... .. ... .ccouenen... 48
Bedded ferruginous conglomerate along Bingham Creek, one-half mile below Upper Bing-
1 - 50
Ferruginous, brecciated quartzite outcrop, one-fourth mile west of St. James mine._ .. __. 52

A, Shattered quartzite, one-fifth mile east of Telegraph mine; B, Ferruginous conglomerate
of quartzite and chert, Old Jordanmine.... .. . ....ooeo il
A, Mottled gray and white limestone, dump at head of Petro incline; B, Spotted blue and_

white limestone, Highland Boy mine .. ... . ... ..o .. L ...,
Map of economic geology of Bingham mining district and index to wines. .. ... .. __. In pocket.
Old Jordan mine in 1900, site of first recorded mining location in Utah .. .. ... ... .. ...
Pyrite cfystals, OldJordan mine. ... .. ... i 86

A, Crystalline enargite, Commercial mine; B, Crystalline enargite showing rosette habit,
Commercial mine; ', Rosette of enargite crystals shown in B, illustrating cleavage...... 108
Stalactite of pisanite, Old Jordan mine. . ... ...ttt ee ot et e 110
A, Normal barren contact between Highland Boy limestone and foot-wall quartzite, No. 7
level, Highland Boy mine, looking west; B, ¢ Roll”’ fault, No. 1 level, Old Jordan mine.. 128
A, Basal contact of monzonite sill with Bingham quartzite, Utah level, Old Jordan mine;

B, Horse of Bingham quartzite in monzonite dike sill, Utah level, Old Jordan mine. ... 134
Diagram showing trends of barren fissures, fean and pay veins, and lodes observed in Bing-
bam district. .. ... L. i iiaiiiiiiiciaiacsittaenaeaneaeaeeeaanaaa. 138

11



12

Prate XXI1V.

XXV.

XXVI.

XXVIL

XXVIIL

XXIX.

XXXI

XXXII.

XXXIIL

XXXIV.

XXXV,

XXXVI.

XXXVIL

XXXVIIL

XXXIX.

ILLUSTRATIONS.

A, Pay streak of rich argentiferous lead ore in Silver Shield lode, showing structure
and mineralogical association; B, Key indicating mineralsin 4. ... . ... .....
A, Seam of argentiferous lead in altered intrusive, Benton tunnel, Nast mine; B,
Half of pay streak in Ferguson lode, Nast mine; C, Slickensided wall of Galena
lode, Utah level, Old Jordan mine
Photomicrographs of fresh and of decomposed- mineralized monzonite: A4, Typical
monzonite of Bingham, Tribune tunnel, Telegraph mine; B, Development of pyrite

..........................................

in altered monzonite, Eldorado shaft, Boston Consolidated group. ... ........... »

Photomicrographs of chalcopyrite developing in altered monzonite: A, Chalcopyrite
developing in secondary quartz, dump of Eldorado shaft, Boston Consolidated
group; B, Chalcopyrite developing in biotite, dump of Eldorado shaft, Boston Con-
solidated group.... ... ... .. ... ..... e e e

A, Outerop of Galena fissure in metamorphosed Jordan limestone; B, Metamorphosed
Jordan limestone, northwest wall of Galena fissure. ... .. ... ... ... ... ...._.

Photomicrographs of fresh and of metamorphosed limestone: A, Fresh blue limestone,
south slope of West Mountain; B, Metamorphosed limestone, white marble, No. 7
tunnel, Highland Boymine.. .. .. .. .. . .. L.

A, Garnet, pyrite, and chalcopyrite in metamorphosed siliceous limestone; B, Chert
nodule in marmorized limestone. ... ... e e e e e aeaaaa e

A, Early stage in replacement of limestone by copper ore, Highland Boy mine, No. 6
level, looking west; B, Later stage in replacement of limestone by copper ore, High-
land Boy mine, No. 53 level. .. ... ... ..o ...

A, Advanced replacement of limestone by copper ore, Telegraph mine, Grecian Bend
level; B, Complete replacement of limestone by copper ore, Highland Boy mine, new

Structures characteristic of replacement: A, Porous cavernous structure in quartz; B,
Banded structure of ore in limestone '
Photomicrographs showing replacement of metainorphosed litnestone by chalcopyrite
and pyrite: A, Chalcopyrite developing in marmorized silicified limestone, No. 1 ore
body, No. 6 level, Highland Boy mine; B, Chalcopyrite and pyrite replécing siliceous
limestone, No. 1 ore body, No. 6 level, Highland Boy mine....... ... ... ... ...
Photomicrographs showing replacement of metamorphosed limestone and a normal
calcareous shale: A, Intergrowth of chalcopyrite and pyrite replacing quartz, No. 4
level, Highland Boy mine; B, Normal calcareous carbonaceous shale, upper Red
Wing extension tunnel. . . L.
Photomicrographs of chalcopyrite and pyrite associated with contact-metamorphic
minerals: A, Green garnet in calcite, No. 7 level, Highland Boy mine; B, Chalco-
pyrite and pyrite associated with green garnet in calcite, No. 7 level, Highland Boy

Photomicrographs of chalcopyrite associated with contact-metamorphic minerals: A4,
Chalcopyrite with zinc blende and garnet and calcite, No. 7 level, Highland Boy
mine; B, Specularite replacing calcite, No. 6 level, Highland Boy mine...._..... .

Superficial alteration of sulphide ores: 4, Alteration of galena to anglesite, cerussme,
and massicot (%), Zelnora mine; B, Sulphide enrichment, chalcopyrite and tetrahe-
drite on pyrite crystals, Kempton mine; C, Sulphide enrichment, chalcocite and
tenorite, with gold and silver tellurides (%), replacing fean cupriferous pyrite, upper
tunnel, Commercial mine __ ... .. ... e e e e

Surface workings on the Galena fissure. ... ... ... ... i.....

Page.

158

160

166

170

184

188

190

192

194

194

196

198

208



ILLUSTRATIONS.

Prate XL. Map of a portion of the underground workings of the Old Jordan mine, showing distri-

bution of ore bodies in Jordan and Highland Boy limestones adjacent to Galena

B 411 | - Y

XLI. Vertical sections through Old Jordan mine, showing deformation of contact between

Jordan limestonie and underlying quartzite: A, Transverse section through Clark
raises; B, Longitudinal section . . _________.._.___....__. e e e s

XLII. Vertical sections through Telégraph mine, showing deformation of contact between

Jordan limestone and underlying quartzite: A, Trapsverse section; B, Longitudinal

Y= A+ ¢ R

XLITI. A, Surface improvements at Highland Boy mine; B, Quartzite foot wall of Yampa

limestone on the north slope of Sap Gulch. ... ... ... ... .. ... . ... .. ... ...

XLIV. Vertical sections through Highland Boy mine, showing deformation of contact of Higi-

land Boy limestone with underlying quartzite: A, Transverse section; B, Longitudi-

DA] SECLION . L o e e

XLV. Outcrop of quartzite foot wall of Brooklyn ore bodies . .......o..._.................
XLVIL Profiles of Bingham Canyon, showing character of slopes and location of principal

XLVIL A, Dissection of bott-om gravels by Bingham Creek and Lower Bingham Canyon; B,

Recent dissection of Bonneville bench on west slope of Oquirrh Range by Tooele Creek.

. XLVIIL. Auriferous gravels in upper Bear Gulch. . ... ... ... ... ... .......... s
XLIX. A, Argonaut open cut in auriferous bench gravels; B, Auriferous creek gravels in Bing-

Fic. 1.

2.
3.
4

10.

ham Canyon, below Upper Bingham. . ... .. .. . o . ...l

Index mapshowingsituation of Bingham Canyon and area covered by Bingham mining map. .
Copper ore making out from strike fissure along selected beds in Highland Boy limestone. . . .
Sections through Highland Boy ore body showing pitch and dip of ore shoots_ .. ......_ ...
Sketeh showing structure of Silver Shield lode on northeast face of stope above No. 2 level,
north of No. 6 raise. .. ..o
Sketch map showing localities on south slope of West Mountain at which specimens iMustrating
progressive metamorphism of limestone were collected_ ... __ ... .. ... ... .. ... ..

Seams of copper and iron sulphides in marble, bifurcating and terminating upward, No. 1 level,

west, Commercial mine._ ... .. e e e U
Sketch of replacement copper ore in limestone, with fecder, Colorado upper tunnel .........
Transverse section of ore bodies of argentiferous lead on Neptune fissure in Jordan limestone,

Neptune tunmel . .. ... .. e
Profiles of Bingham Canyon showing stages of erosion. .. _._ ... .. ... ... ... ... . ...
Transverse section of lower Clays Rim showing three pay chanmnels..___ ... __.. e

13

Page.

224

226

262
264
266
320
340

344
348

352

75
128
151
156

186



LETTER OF TRANSMITTAL.

DEPARTMENT OF THE INTERIOR,
UNITED STATES GEOLOGICAL SURVEY,
Washington, D. C., August 15, 1904.
Sir: I have the honor to transmit herewith the manuseript of a report on the
Bingham Canyon mining district, Utah, and to recommend its publication as a
professional paper. The report contains an introductory statement on the general
geology of the region by S. F. Emmons, a chapter on the areal and structural
geology of the Bingham district by Arthur Keith, and a detailed discussion of the
economic geology by J. M. Boutwell. This study is of scientific and industrial
importance because of the interesting character of the large low-grade copper and
rich silver-lead deposits developed, as well as of the standing of the camp as the
largest copper producer of Utah. . .
Very respectfully, C. W. Haveks,
Geologist in Charge of Geology.
Hon. Cuarres D. WaLrcorT,
Durector Unated States Geological Survey.
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BINGHAM MINING DISTRICT, UTAH.
IN TRO'DUC'I‘ION.;GENERAL GEOLOGY.

By S. F. EMMbNS.

FIELD WORK.

The field work of which this report represents the final results was first under-
taken in the summer of the year 1900. This district had long been selected by
the writer as worthy of special economie investigation, as well on account of the
importance of its products as because of its geological structure and the peculiar
relations of its ore deposits. It was not, however, until the summer mentioned
above that the means at the disposal of the Survey, both pecuniary and scientific,
justified its undertaking. ‘ ‘

As originally planned, the areal or surface geology was to have been worked
out, by Mr. Keith, who had already spent many years in unraveling the compli-
cated geological structure of the Appalachian province, while Mr. Boutwell, who
had more recently become attached to the Survey, was to have charge of the under-
ground geology, or a study of the ore deposits, under the immediate supervision
of the writer.

When the time came for actually taking the field, it was found that the pres-
sure of other work would not permit Mr. Keith to carry out fully the part allotted
to him, and in consequence a part of his field work has fallen to Mr. Boutwell.

Field work was commenced by the writer and Mr. Boutwell early in Julj?,
1900. Mr. Keith joined the party on August 10, but was obliged to leave for other
duties early in September. Mr. Boutwell carried on his field work continuously
from July until December, taking up underground work after the snowfall had
rendered work on the surface geology impracticable. The geological structure
had proved to be unexpectedly intricate and complicated, so that, on the opening

of the field season of 1901, it was found necessary to make further study in the
19
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light of results already worked out, and Mr. Boutwell spent some weeks in the
district in the early summer of 1901. His field work that year, partly in California
and partly in Arizona, ‘as assistant to Mr. - Waldemar Lindgren, lasted through
the summer and winter and well into the spring of 1902, so that but little time
,was left before he was obliged to take the field again in his study of the Park City
district of Utah. . Mr. Keith had been too closely occuf)ied with his Appalachian
work to complete his part, and thus the publication of this report has been
unusually delayed. While the delay is a cause for regret, this regret is much
tempered by the consideration that had the report been published earlier many
facts brought to light during the vigorous development of the region in late
years, which have an important bearing upon the structure and genesis of the
ore deposits, could not have been used in its pleparatlon

Of the following pages, Mr: Keith has written the part on ‘Areal geology,’’
but he has had to depend for many of his facts upon the observations-of Mr. Bout-
well. The rest of the report has been written by Mr. Boutwell.

As neither of these gentlemen has had opportunities of making extended studies
of the geological structure of the Oquirrh Range outside of the immediate district
described in the report, it becomes the duty of the present writer to present what
1s known of the general geologlcal structure of thc entire range and its relations
to the ore deposits.

GENERAL FEATURES OF THE REGION.

The Oquirrh Range proper is a north-south range about 30 miles in length
and very narrow, like all the Basin ranges, of which 1t is the first range lylng: west
of the Wasatch Mountains. Structurally it is divided into two nearly equal por-
tions by an east-west line drawn through Butterfield Canyon on the east slope,
which forms the southern limit of the Bingham mining district, and Tooele Canyon
(also known as West Canyon) on the western slope. The lowest pass on the range
connects the heads of these two canyons.

The part of the range lying south of this pass, as explained in a previous report, *
is much wider than-its northern portion, and-is of comparatively simple structure.
It consists of two great anticlines and an included syncline, whose axes run north-
westward, or diagonal to the general trend of the range. . The axes of these anti-
clines have a general pitch to the northwest, hence the folds disappear or end
under the valleys that bound the Oquirrh Range on the west. The axis of the
westernmost. anticline lies near the western foothills, crossing the lower parts of
Lewiston and Ophir canyons: The axis of the principal or easternmost anticline
runs out into the valley a short distance south of Tooele Oanyon

aEmmons, 8. F T‘conomlc Geology of the Mercur mining district, Utah, Introduction The Oquirrh Mountams
Sixteenth Ann. cht U. 8. Geol. Survey, 1895, pp. 349-269.
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The sedimentary rocks involved in this fold are of Paleozoic age and belong
mainly to the Carboniferous series, although by faulting and canyon cutting some
- Cambrian beds are brought to the surface in Ophir Canyon, on the western slope.
Devonian and Silurian beds have not yet been identified. In the Mercur mining
district, at the southwestern extremity of the range, Mr. Spurr’s detailed studies
have proved the existence of about 5,000 feet of lower Carboniferous (Mississippian)
limestones, overlain by exceedingly regular alternations of quartzites and lime-
stones, in beds averaging not over 100 feet.in thickness, called the Intercalated
series, which carry an upper Carboniferous (Pennsylvanian) fauna. A thickness
of 6,000 feet of these beds was actually measured and an estimated thickness of
at least 4,000 feet more is exposed on the upper slopes of Lewiston Peak, whose
summit lies about in the axis of the included synchne; hence, this should represent
the highest horizon exposed in the southern portion of the range.

Between Mercur and Bingham, which lies nearly 20 miles to the north, extends
the principal anticlinal fold of the range, which has been carved into a complicated
series of high peaks and deeply dissected ravines. The rocks of the Bingham
district, which lie a considerable distance northeast of the axis of this fold, con-
sist of a greater continuous thickness of siliceous beds than was found at any
part of the range. In the reconnaissance examination made by the Survey of
the Fortieth Parallel these rocks were regarded as the equivalents of the Weber
quartzite of the Wasatch Paleozolc section. |

A plan to make a survey of the entire range in connection with the special
study of the Bingham district was outiined by the writer, and had this plan proved
practicable it would have been possible to determine the exact relations that
its sedimentary rocks bear to those which make up thé rest of the range. CAs it
is, in the absence of any detailed studies outside of that area, only a few surmniises,
based on short excursions to isolated pomts can be made as to the structure of
the northern half of the range.

STRATIGRAPHY.

The special studies of the Bingham area set forth in the following pages con-
firm, in a general way, the determination of the Fortieth Parallel Survey that its
quartzites belong to the Weber quartzite horizon, but it is probable that the lower
portion of this section, which includes alternations of limestone beds 200 to 300
feet thick, may represent the upper portion of the Intercalated series, which in the
Wasatch section intervenes in variable thickness between the limestone of the lower
Carboniferous and the Weber quartzite.

In these limestones in the Bingham area Mr. Girty found only upper Car-
boniferous fossils, except in the lowest member. the Butterfield limestone, so
called from its outcropping in Butterfield Canyon. " In this member he found forms
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which at first seemed to indicate a lower Carboniferous age. Recent paleonto-
logical investigation has considerably widened the range occupied by these forms, so
that at present the general aspect of the fauna indicates an upper Carboniferous
age for this limestone, thus confirming the evidence furnished by stratigraphy.

The general structure of the Bingham beds is that of a shallow syncline whose
axis pitches to the northwest. The limestones of the lower portion of the series are
seen to bend in strike from east through northeast to north in the upturn of the
ridge that separates Bingham Canyon from Jordan Valley, while westward they
have been traced down Tooele Canyon to where they wrap around the northern
end of the great anticline south of the mouth of that canyon. Thus,in a broad way
" they partake of the general folded structure of the southern part of the range,
but fracturing and faulting have played a more important part in producing the
present conditions, and a still greater influence has been exercised by the intrusion
‘of numerous bodies of igneous rock in the form of stocks or laccoliths, dikes, and sills.

Immediately south of Butterfield Canyon, which forms the southern limit of
the Bingham district, there is evidence of powerful dynamic disturbance and probable
faulting along an cast-west zone in which, as it stretches eastward toward the Traverse
Mountains, appear increasing amounts of igneous rocks. The movement in this
zone is shown by vertical dips, sheeting, brecciation, and silicification of the sedi-
mentary rocks. On the western slope a marked vertical sheeting and silicification
in the lower part of the ridge south of Tooele Canyon suggests the possible extension
of the zone of movement in that direction, but no direct evidence of profound dis-
‘placement along the zone has yet been recognized.

* In the area lying north of the Bingham district the northwestward -dipping
quartzites extend northward for several miles and are then abruptly cut off along
an east-west zone of displacement, which is revealed on the crest of the range by
vertical sheeting, silicification, brecciation, and striation of the rocks. This zone
of displacement apparently follows eastward the general line of Dry Fork, passing
out into the valley somewhat north of the mouth of Bingham Canyon. TImmedi-
ately north of this zone the quartzites are replaced by altered limestones, and on the
southern face of Connor Peak, the highest point of this part of the range, are expos-
ures of a great thickness of northward-dipping massive limestones. No such thick-
ness of limestone is known in the geological column of this region above the lower
Carboniferous; lhence, though as yet unsupported by direct palcontological evidence,
“the assumption is made, with considerable confidence, that these beds must belong
to that horizon, and hence lie many thousand feet below the quartzites of the Bing-
ham area, with respect to which they now stand at a considerably higher absolute
elevation. : ’

In the northern third of the range, between Connor Peak and Salt Lake, as
contrasted with the southern half, east-west to north trends characterize the master
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structure lines, and faulting i1s more prominent than folding. Evidence of this is
seen on the steep northern face of the range that fronts toward Salt Lake, which
apparently represents a fault scarp with a trend a little north of east. The sedi-
mentary beds on this face, largely limestones, dip from 60° N. to vertical, while
small outliers in the lake beyond—=Sheep and Black rocks—have southerly dips.

In summing up the evidence, therefore, it appears that the sedimentary rocks
of the Bingham area at present occupy an abnormally depressed position relative to
the porﬁons of the range lying to the north and to the south of it, and that with
respeet to the northern portion, at least, this relation has evidently been brought
about by faulting.

It should be said further that the thickness of the beds exposed here, which
have been provisionally included in one formation, designated the Bingham quartz-
ite and correlated with the Weber quartzite of the Wasatch ‘section, is probably
as much as 10,000 to 12,000 feet. This is more than double the maximum thickness
of the Weber quartzite thus far observed-—namely, in the Weber Canyon section of
the Wasatch Range. Indeed, previous reconnaissance work in that range indicates
that southward from that point the purely siliceous beds decrease in thickness and
are replaced by alternations of limestone and quartzite typically shown in Timpanogos
Peak in the Wasatch Range and Lewiston Peak in the Cquirrh Range. 1t is evident,
therefore, that no close correlation can be made on mere lithological distinctions
until the whole Carboniferous section in this general region shall have been worked
out in detail. '

Inasmuch as under existing conditions it has been impossible to determine
any upper limit to this quartzite series, it has been judged wiser not to attempt any
more exact correlation of the beds here included in the Bingham formation than that

“already suggested—namely, that it includes the Weber quartzite and probably a por-

tion also of the underlying beds elsewhere called the Intercalated series. '
A striking feature in the lithological constitution of the beds of the Bingham
formation is the nonpersistence of the limestones. Not only do they vary rapidly
in thickness from point to point along the strike, but they often entirely disappear.
Thus followed along the strike, some of the limestones of the upper series are seen to
pass from limestone or marble through calcareous sandstone to almost pure quartzite.
This character, which 1s probably due to rapid changes of sedimentation in a com-
paratively shallow ocean, is observed to be rather common at this horizon throUghout
the Rocky Motntain region. It has been studied in detail at the Tenmile district
in Summit County, Colo., where, as in Bingham, it was of special importance to
trace correctly the limestone beds, because of their ore-bearing quality. There, as
in Bmgham, certain 11mestone beds are found to be much more persistent than others.

In Bingham, however, the intrusives are so irregular in form, so tinevenly distributed,

a Emmons, S. F., Tenmile district: Geologic Atlas U. S., folic 48, U. S. Geol. Survey, 1898,



24 GEOLOGY OF BINGHAM MINING DISTRICT, UTAH.

and have been so much disturbed by faulting subsequent to their intrusion, that it
has been ‘difficult, sometimes impracticable, to trace with certainty even the most
persistent beds throughout their entire course. Thus the nearly adjoining lime-

’’ members, which are

stones, locally designated the “‘Commercial’’ and ‘‘Jordan
the most important ore carriers of the district, have been traced in practical con-
tinuity from near the mouth of Bingham Canyon southward and westward to the
Commiercial and Jordan mines, and again along the southern and western slopes of
West Mountain beyond the limits of the map, and down Tooele Canyon. For a short
distance in the upper part of Bingham Canyon, Lowever, the continuity of this out-
crop is broken by the interposition of the Last Chance intrusive body, which cuts
across both. About a mile and a half north of this is the Highland Boy limestone,
which also carries one of the most important ore bodies of the district. It has been
thought that this limestone and the Yampa limestone above it—neither of which
can be traced for any considerable distance along the strike in either direction—are
portions of the Jordan ‘and Commercial limestones which were lifted out of their
normal positions by the intrusion of the Last Chance monzonite body or by faulting.
While there are sore facts that support this view, a most careful study in- the field has
shown that it is untenable, and that these limestones are more probably nonpersist-
ent members of a formation belonging to a.considerably higher horizon in the series.

IGNEOUS ROCKS.

Area and age of the intrusives.—The Bingham area is distinguished from other
portions of the Oquiirh Range, not only by the higher position in the geological column
of its sedimentary Tocks, but still more by its vast development of igneous intrusives..
While elsewhere these rocks are found only in sparsely scattered dikes and sills of
inconsiderable thickness, in Bingham, as the geological map shows, their outcrops
cover a very considerable part of the mineral-bearing portion of the arca, and there
is reason to assume that in depth these stocks or laccolithic bodies have often greater
dimensions than would be indicated by their surface exposures. The larger bodies
arc i general of a holocrystalline or granitic structure and the smaller dikes and
sills are porphyritic. '

While it has not been possible to determine the exact age of these igneous rocks,
it is obvious that there have been two series of eruptions—an earlier, which pro-
duced the intrusive bodies that are closely related to the ore deposits, and a later
series of eflusive rocks or surface flows, cons1st1ng of andesitic lavas and breccias,
which cover the lower flanks of the range toward the Jordan Valley. These later
rocks were evidently poured out after the raﬁge };éd been carved into approximately
its present form. While no direct evidence lias been found as to the age of these
rock flows, thelr analogy with similar flows followmg intrusions of granitic and

) .
DR
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porphyritic rocks in the Wasatch region® suggests that, like these, they occurred in
the middle Tertiary. ~Their probable connection with the eruptives which built
up the Traverse Mountains was also suggested by the geologists of the Fortieth
Paralle] Survey.

Connection of the igneous rocks with ore deposits.—Mr. Boutwell’s investigations
of the ore deposits, as will be shown in the following pages, have demonstrated a
close connection between ore deposition and the igneous intrusions. He Las shown
the probability that a part of this deposition was the immediate result of the intru-~
sions—that is, that a part of the ore was formed by contact metamorphism. Another
and possibly the larger part, however, was the result of concentration in aqueous
solutions that circulated through channels formed by dynamic action after the
intrusion and consolidation of the igneous bodies. In this respect, also, there is to
be observed an analogy with the ore deposits found in the vicinity of the granite
bodies at the head of the Cottonwood canyons in the Wasatch Range. There the
evidence of contact metamorphism is far more apparent than at Bingham, where,
previous to the microscopical investigations made by Mr. Boutwell, it had not been
" detected. In the Wasatch, however, the ore bodies found at the points of actual
contact of country rock with eruptive masses have not proved to be so important
economically as those which lie at some.distance from the contact zones and which
have no evident and direct connection with them.

The fact that there were probably two periods of original ore deposition at
Bingham constitutes an analogy with the conditions in the Mercur district. In the
latter, however, it was the silver-bearing ores that were first deposited, while gold-
bearing ores were of later date; whereas in Bingham the silver-lead ores appear
to have been formed later than the first deposits of copper ore. Copper ores in
general seem to be more frequently associated with contact metamorphism than
silver-lead ores, but, in the opinion of the writer, it is through the subsequent concen-
tration by percolating ground waters, generally supplemented later by further down-
ward leachings through surface waters, that most workable bodies of copper ore have
been brought into the condition in which they are now found, and this appears to
have been the general sequence of events at Bingham.

@ Ermons, 8. F, The Little Cottonwood gra i‘e of the Wasatch Mountains: Am. Jour. Sci., 4th ser., vol. 16, August,
1903, p. 145.
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PART I.—AREAL GEOLOGY.

By ArtHUR KEITI.

GEOGRAPHY.

The Bingham mining district is situated on the east side of the Oquirrh Moun-
tains, in Utah, about equidistant from the north and south ends of the range. The
Oquirrh Mountains form one of a large number of ranges which rise from the floor
of the deserts and run in approximately north-south courses. The lengths of these
ranges are from 10 to 100 miles, the Oquirrh Mountains being about 30 miles long.
The north end of the range is washed by the south end of Great Salt Lake; its south °
end dwindles into low rolling country which stands but little above the desert. The
desert valleys intervening between the mountain ranges are from 10 to 20 miles wide
in this part of the State. Tooele Valley lies west of the Oquirrh Mountains, and
Jordan Valley, Utah Lake, and Great Salt Lake border them on the east. On the
east side of these valleys lie the Wasatch Mountains, the western front of the Rocky
Mountains. These general relations are shown in P1.I. The valleys of Utah Lake
and Great Salt Lake are separated by an cast-west range that rises above the valleys
1,000 feet or more and almost connects the Wasatch and Oquirrh mountains.

The desert ranges are from 1,000 to 2,000 feet lower than the peaks of the
Wasatch Mountains, their summits being 9,000 to 10,000 feet above sea, while those
of the Wasatch are 10,000 to 12,000 feet. The surface of the desert valleys lies from
4,200 to 5,500 feet abovesea. The elevation of the lakes included in the desert valleys
is but a few feet less than that of the surrounding land and varies somewhat accord-
ing to the dryness of the season. Great stretches of shallow water extend along
the shores, so that the areas of the lakes vary widely with their rise and fall. - At
the south end of Great Salt Lake rise several mountainous islands, which are partly
submerged mountains of the same kind as those that are surrounded by deserts.
At some fuller stage the lakes occupied a large portion of the areas which now con-
stitute the desert valleys. Little or no water runs in these-valleys except during
the period of heavy precipitation in winter and spring. An exception to this rule is

the Jordan River, which is the overflow from Utah Lake into Great Salt Lake.
' | - 29
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TOPOGRAPHY.

General features—Bingham Canyon lies on the east side of the Oquirrh Moun-
tains and runs in a general northeast course until it reaches Salt Lake Valley. From
that point the waters run nearly castward. The main crest of the Oquirrh Moun-
tains borders the canyon on the west. West Mountain lies at its southern head,
while between the canyon and Salt Lake Valley lies a single ridge a little over 7,000
feet above sea and about 1,000 feet lowetr than the Oquirrh Range (see Pl. III).
Several large gulches open into Bingham Canyon from the west and southwest, but
none of importance from the east. Chief of these is Carr Fork, of which a view is
furnished in, Pl. IV. The mining district itself extends beyond the limits of the
canyon into Pine and Tooele canyons on the west side and Butterfield Canyon on the
east side of the Oquirrhs, and into a number of gulches on the east side of the ridge
that divides Bingham Canyon from Salt Lake Valley.

Direction of run-off lines.—As has been stated already, the general trend of
Bingham Canyon is northeast-southwest. From Clipper Peak and West Mountain,
the highest points in the area shown on the inap, the drainage is in a measure radial .
into Bingham, Pine, Tooele, and Butterfield canyons. If Carr Fork be regarded
" a8 the main or central stream, the line of the canyon is very straight. Probably as
much water comes out of this fork as out of the man or eastern fork. The main
fork is but slightly deeper and longer than Carr Fork, and the association of the name
with this eastern fork is due to the greater importance of the early mines situated
upon it. Markham and Freeman gulches and Dry Fork (coming in from the west)
are each considerable tributaries, although not so large as cither of. the principal
heads. Butterfield Canyon, a very small section of which is included in the area of
this map, is comparable in size with Bingham Canyon. The same can be said of
Tooele Canyon, which heads against Clipper Peak and West Mountain. The small
gulches lying on the east side of the dividing ridge and emptying into Salt Lake
Valley are of less importance topographically than Markham Gulch.

Runming water—Very little running water is to be seen in this region during the
dry season. At the heads of the principal gulches there are a few springs; water
flows for short distances on the surface, but soon evaporates or disappears in the
stream gravels. During the winter or wet season the fall of rain and snow is occa-
sionally considerable. Much of this water runs off immediately into the desert,
owing to the high grades of the canyon, but some is absorbed by the soil and rock
and slowly trickles and seeps forth during the remainder of the year. The quantity
of underground water is very great at any time of year and its disposal is a serious
question in the deeper mines. To dispose of this surplus water some extensive
enterprises have been undertaken-—the Bingham, Queen, and other tunnels. "Evapo-
ration is so great at the surface, however, that except in the mines there is little
indication of the existence of this water. |
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Stream gmdeé.—From Clipper Peak and West Mountain, with heights of 9,000
feet or more, the water runs down a very heavy grade—over 2,000 feet in the first
mile. Down Carr Fork for the next 2 miles the fall is 1,000 feet, and in the remain-
ing 24 miles of the canyon the descent is 500 feet more. Where the canyon emerges
" upon Salt Lake Valley the elevation is about 5,500 feet, and the grade from that point
eastward is small and gradually becomes less. Similar heavy grades are to be seen
in all of the canyons and gulches of the region. Down such slopes as these the water
runs with great rapidity. The finer portions of the rock and soil are carried from
the hillsides in large quantities, and in the stream courses only sand, gravel, and
bowlders are to be seen. During heavy rains and cloudbursts the rush of water is
tremendous and éweeps everything before it.

Forms of the surface.—The general aspect of the summits of the Oquirrh Moun-
tains is smooth and rounded. FEven in spite of the heavy grades the slopes are fairly
uniform and the curves easy and flowing. In a general way the relative heights are
determined by the solubility of the rock formations and of their débris. Minerals
like calcite and dolomitg (the carbonates of lime and magnesia) are readily .dis-
solved by atmospheric waters, especially if there is a small percentage of acid
in solution. In the purest himestones over 90 per cent of the material of the rock
is thus removed, leaving only a fine clay. When the rock is less pure, more material
is left in the form of clay or sand, according to the original nature of the rock. In
quartzites and sandstones containing only a small amount of lime the siliceous skele-
ton of the rock remains firin, even after solution of the lime. Feldspar, also, is dis-
integrated by circulating waters, but to a less extent than calcite. Those rocks
that contain feldspar are not so weak as the calcareous rocks, because they usually
contain a less proportion of 'soluble mineral. Feldspathic rocks are only occa-
sionally to be found in the Bingham region, where they constitute minor layers
in the Bingham quartzite. These grade into the argillaceous sandstones of the
same formation. Minerals like quartz are the last to be dissolved or disintegrated,
and the siliceous rocks are accordingly most resistant. Thus the quartzites break
down into small fragments, which are dissolved very slowly. Those igneous rocks
which appear in large bodies are next most resistant to solution, but there are
few masses of this kind; the small igneous bodies appear to be somewhat more
soluble. The monzonites and andesites break down finally through decomposition
of their feldspars. The marbles and limestones are the most soluble as a mass, and
their fragments are the least durable of all; consequently, they seldom forin sum-
mits. As the result of their bulk, thei insolubility, and their frequency, the quartz-
ites cause most of the high ground. A little is formed by the principal masses of
monzonite-porphyry. Here and there the limestones cross the divides, and their
presence 1s marked by gaps. The solubility of the limestones is the cause of the
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small benches which-appear here and there along their courses. Similar gaps and
benches are formed by the narrow bodies of monzonite.

Clifis and ledges.—Although rock is everywhere near the surface on account
of the rapid removal of waste, there are very few cliffs. ILedges of moderate size
cre frequent, and in most cases are due to exceptional circumstances. In this
respect the surface of the Oquirrh Mountains presents a strong contrast to that of
- the Wasatch Range. The reason for the absence of cliffs lies in the abundance
of joints in the quartzites. Except for these the quartzites, with only the normal
partings of stratification, would cause long lines of cliffs on steep slopes. The
joints intersect the quartzite at many angles and in great number, and may be
seen at any fresh exposure of the rock. - Through them the rock layers are readily
broken up into small fragments, which slide slowly down the mountain sides and
produce a uniform slope. Thus the fragments of the harder rock sweep over and
fill up the depressions which would normally be caused by the softer beds, so
that- these beds produce only slight hollows. Along many uniform slopes the
different strata may be distinguished by the belts of brush which follow the softer
. and avoid the harder layers. A few large chffs occul—as for nstance, south of
the end of the railway and on the lower portion of Carr Fork. (SeePl. V.) There
are also many talus slopes that are composed of streams of the harder quartzite
fragments without any soil.. These are to be seen only”on the steepest slopes.
~(See P1. V.) The rock ledges are formed in almost all cases either by the heavy
beds of chert that occur in the limestones (see Pl. VIII) or by portions of the
quartzite that ‘have been tecemented by iron oxide. (See Pl. XIII.) These
are frequent throughout the entire region, but are most conspicuous in the upper
part of the main canyon, West of the town there are a few large ledges of
monzomte -porphyry.

Vegetatwn —Through the rapld disintegration of the rocks by jointing, as
has been .stated, there is a considerable cover of loose material, rock fragments,
and soil. “In this flourishes a vegetation that is unusual in so dry a climate. -Most
of this col_lsisté of scrub oak and brush of various kinds and is illustrated in all of
the photographs of the region. In the hollows of the higher mountains there are
large areas covered by aspen. An original growth of conifers was cut down for
timbering the mines. The aspens are most prominent on the slopes of Clipper
Peak and West Mountain. The scrub oak appears throughout the region, but
diminishes rapidly along the border of Salt Lake Valley (see Pl. XLV) and is
replaced by the usual desert growth of -sagebrush. The cover of vegetation,
combined with the disintegration of the rock, interferes seriously with the task
of tracing the formations and interpreting the geology. Information concerning
large areas is limited to that obtainable from tunnels and test pits which have
penetratéd to the solid rock. In a few regions the growth of certain shrubs along
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the lines of stratification is of some assistance. In no part of the Bingham district,
however, can the course or attitude of the formations be determined from a distance,
as is the case in the Wasatch, and it is necessary to make a close examination of
all parts of the ground.

GEOLOGY.

STRATIGRAPHY.
CHARACTER AND AGE OF ROCKS,

The strata exhibited in the Oquirrh Mountains consist in the main of quartzites,
sandstones, and limestones, with intrusive bodies of monzonite and monzonite-
porphyry and extrusive flows of andesite, the latter two being locally called por-
phyry. Deposits of clay, sand, and.gravel of Quaternary age lie around the bor-
ders of the mountains and pass for considerable distances up the canyons. The
stratified rocks are entirely of Carboniferous age. Much the greater poriion
are upper Carbonilerous, although lower Carboniferous strata may possibly be
reached in Butterfield Canyon. The age of the igneous rocks in this region is not
known, except that they are later than Carboniferous.

The sandstones and quartzites are all of light colors, usually white. The
differences between the layers in various parts of the section are so small that it
is impracticable to distinguish one series from another; only by means of the
interstratified limestones can the details of the sequence be made out and the
different quartzites be distinguished from one another. Inasmuch, however, as
the limestone beds in this region do not extend for great distances, the separation
of the quartzite into formations is not possible where the limestones are absent.
The latter are lenticular in character, thinning out and disappearing between the
adjoining quartzites. The limestones appear abruptly in some places, in others
gradually. In the eastern part of the Bingham mining district the quartzites
are not subdivided by limestones, while the same layers around Old Jordan and
Highland Boy contain a number of limestones. Thus it is practicable to subdivide
the quartzites in one place but not in another. Accordingly they are all classed
together as one formation, the ‘“Bingham quartzite,”” while the limestones will
be described as members, lentils, and variable deposits in the Bingham quartzite.

SEDIMENTARY ROCKS.

. Bingham quartzite—The Binghamn quartzite is composed in the main of
quartzites and of sandstones that are more or less silicified. The strata are for
the most part white, and frequently vitreous. In the lower portions of the
quartzite, especially below the Old Jordan limestone, a slight banding is to be
seen in many places. This is due to extremely fine grains of ‘dark minerals, such
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as iron oxides. The layers which ave distinguished by the fine banding of color are
also cross-bedded in many places. This cross-bedding was due to rapid alterna-
tion of currents during the deposition of the strata. The banding is due to the
darker minerals following the cross—bedding, just as they followed the hines of
paralle]l bedding above noted.

In the upper part of the formation, particularly above the Highland Boy hme-
stone, are many layers of argillaceous sandstone containing feldspar and mica in
fine grains. Many ripple marks are seen in these sandstones, indicating their
formation in relatively shallow water. They are also marked in places by the trails
of crawling animals. These sandstones are also slightly calcareous and locally
develop into thin limestone beds which are of importance in connection with the
orc deposits. These beds are of the same lenticular nature as the Limestones that
are mapped, but they are so small that 1t is not practicable to map them or to trace
them. for any considerable dlstance on the ground. Along the crests of the ridges
they are easﬂy to be .found, but on the slopes the loose slide material soon covers
them. R

Almost any section where the rocks are continuously exposed for a hundred
yards will show one or more layers of limestone or calcareous sandstone. Thus, for
instance, on the crest of the Oquirrh Range north of Clipper Peak, in a distance
of half a mile there are six beds of blue limestone a foot or more in thickness,
and many layers of calcareous sandstone. Again, along the bottom of Pine
Canyon and Markham Gulch, on either side of the crest of the mountains, similar
series of limestone beds are to be seen. It is not possible, however, to connect
the individual layers of one series with another. Usually the contacts of the
limestones and quartzites are sharp and distinct, atd the transition from one
rock type to another takes place within a few inches. In other cases, as, for
instance, the top of the Commercial limestone just east of the Yosemite mine,
the quartzite passes downward into limestone through several feet of calcareous
sandstone and sandy limestone. Tn still other cases there is an alternation of
limestone and sandstone layers for a few feet. The limestone lenses thin out
along the strike and disappear in two ways. Either the closing quartzites
~approach each other and coalesce, indicating that calcareous matter was not
deposited at all where it is not now found, or else the quartzites in the strike of
the limestones are calcareous, indicating that the calcareous matter was deposited,
but in less amount than the éaridy material. These extensions of the litnestone beds
can be traced for considerable distances, but with difficulty.

The texture of the quartzite is remarkably uniform throughout the region. Tt
is almost universally fine grained, particularly in the more quartzitic layers; even
in the argillaceous layers the grain is but little coarser. In a few places, notably in
Matkham Gulch, thin layers of quartz conglomerate appear, but these are fine
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grained for that class of rock. These coarse beds do not appear to have any great
lateral extent and are only a few inches thick. The uniformity of the grain makes
the bedding of the quartzites very difficult to ascertain, except where argillaceous,
calcareous, or banded beds are present. This difficulty is still further increased by
~ the prominence and frequency of the joint planes in the quartzite. Very often
these entirely obliterate the planes of stratification. In the case of the banded
quartzites there is little difficulty, however,in determining the bedding. Also, as
was stated in the discussion of the topography, the lines of varying vegetation follow
and define the different layers of quartzite.

Measurements of the thickness of the Bingham quartzite are extremely difficult
to obtain. Neither the top nor the bottom of the formation appears in the Bingham
mining district, and the portions exhibited here have been much broken and dis-
turbed. Numerous faults have broken the strata of this region, and in many cases
have repeated great thicknesses of rock, leaving them as an apparently continuous
series. Many of these faults can be detected wherever the strata are distinctive
enough, but it is likely that those which are discovered are only a small part of those
which exist, especially where the uniformity of the quartzite is not varied by hime-
stone beds. During the intrusion of the monzonite, also, the quartzite was shattered ‘
and displaced to make room for it. With these possibilities in view no precise thick-
" ness can be assigned to the quartzite. When due allowances are made, however, it
seems probable that 10,000 feet are exposed in the Bingham district. If the High-
land Boy and Jordan limestones are the same the thickness is about 8,000 feet.

These quartzites, sinice their deposition in the form of sand, have undergone
many alterations, both of position and of character. They were first indurated and
became hard rocks, as distinguished from the deposits of loose material, like
those now scen on the floor of the valley. Later they were folded, perhaps at
several different periods. Next an intrusion of monzonite took place, producing
considerable chemical and physical alterations in the vicinity of the intrusive mass.
Then followed one or more periods of faulting, with additional tilting of the strata.
In connection with these dislocations and those which attended the intrusion of
monzonite, there were produced many breccias of the quartzite and adjoining
rocks. At a still later date the quartzites, together with the other rocks, were
permeated by mineralizing solutions, portions of the rock were removed, and
deposits of various minerals were substituted. Latest of all the processes of
alteration is that which extends down to the present day. The underground
waters are carrying on solution and redeposition, oxidizing the metalliferous
minerals, recementing breccias, and slowly reducing the surface of the formation.

Of all these various alterations of the quartzite, the folding and faulting effected
merely a change in the position of the layers, except where breccias were formed
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locally.  In the case of the monzonite intrusion, similar breccias were formed and
there was alteration of the minerals composing the strata. This is most apparent
near the intrusive bodies, and its effects were greatest in the limestone beds. The
details of the various changes of texture and mmerals are given under the headings

¢ Structure’’

and ‘‘Metamorphism.”’ ‘

‘The Bingham quartzite is of Carboniferous age.— Tts fossils are abundant, par-
ticularly in the limestone layers, and are chiefly those which characterize the upper
Carboniferotus. At both the top and the bottom of the larger limestones they are
common, _bu\t are perhaps even more frequent in the smaller beds. They are especially
fiumerous in the Series of thin layers that cross the crest of the range north of Clipper
Peak. The fossils consist largely of corals and crinoids, with some brachiopods.
Collections were made chiefly by Mr. G. H. Girty, though some fossils were collected
by Mr. Boutwell and the writer, and the species were determined by Mr. Girty.
Lists of the species identified by him are given in an appendix. According to Mr.
Girty, all the fossils are of undoubted upper Carboniferous age. In the argillaceous
sdndstones north of Clipper Peak and Highland Boy were found a few brachiopods
and many fragments of apparent seaweeds. Neither the precise nature of these
nor their bearing on the age of the formation was determined.

" The influence of weathering upon the Bingham quartzité has been briefly
~ stated in the discussion of topography. Near the surface the rock is broken up
chiefly by frost, At greater depths it is acted upon by underground waters and
its materials are slowly removed in solution. Both of these processes are facili-
tated by the presence of the countless joints and, to a less extent, by the bedding
pia,'nes. In the vitreous quartzites the passages along the bedding planes are
. practically filled up, and the rock would be nearly impervious to water were it
not for the joints. Since these traverse the rock at many angles, the water finds
easy and complete access to any portion of the rock. :

- The quartzite seldom forms ledges, except where the rock is specially durable
as in mineralized footwalls and recemented breccias, which are described  under
the heading ‘‘Metamorphism’’ (p. 62). Along the crests of the ridges, where
the waste material is speedily carried away, subordinate outcrops are very fre-
quent. - Similar outcrops are common ncar the streams, also, wlere the débris
is rapidly removed. On the side slopes, however, the cover of quartzite waste
is always present. IHere and there small portions of-the quartzite protrude, but
one may travel on loose rock for long distances without seeing an outcrop of any
kind. The quartzite fragments are small, for the rock is cut up into small sec-
tions by the joint planes. The angular character produced by the joints is little
modified as the fragments slide slowly downhill. Even in the stream beds the
amount of running water is so small that the fragments are seldom rounded. They
are moved down the stream beds chiefly by the floods of winter and spring, when
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the streams are greatly increased in volume and the process of removal is very
- rapid. Thus the slopes of the quartzite areas are dependent, first, on the insolu-

- bility of the quartzite; second, on the rate at which frost breaks it up through

the joints; third, on the rate of its removal in the stream beds by the floods.

" Between the insolubility which maintains the rock and the fall of water which

removes it, the balance is in favor of the former, so that the quartzite areas cause
prominent mountains. The crests curve smoothly and gently and soon pass
downward into the side slopes as the rainfall accumulates and gains power. The
joints are everywhere present and produce nearly uniform slopes between crest
and gulch. Thus most of the surface that is covered by quartzite is that which
is formed by the shding downhill of fragments of uniform size. In Pls. IIT and
1V are illustrated crests and slopes typical of the region.

Butterfield limestone member.—This 1s one of the many limestone masses that
occur in the Bingham quartzite. Its lenticular character is not determinable
in this area, since but little of it appears. It will be treated, however, as if it
were of the same nature as the other limestone bodies. Tt is composed in the
main of blue and dark-blue limestones. Usually these consist of pure carbonate
of lime, but they also contain many siliccous layers. Occasionally, also, beds
of sandy limestone are seen, made up of grains of fine quartz sand set in a cal-
careous matrix. Silica also appears in the form of chert, which is freely distrib-
uted through the mass of the limestone in small nodules and round balls. The
chert is black, alternating in the larger nodules with concentric, dark-gray bands.
The formation is about 300 feet thick in this region. It extends westward and
southward for several miles at least, but its original extent toward the east is
rendered uncertain by faults and igneous intrusives. The limestones contain
numerous fossils which are probably of upper Carboniferous age. ’

Lenoxr limestone member.—The name of this hmestone is derived from the
Lenox mine, which is just outside of the area represented on the map and three-
quarters of a mile southeast of the Telegraph mine, in Saints’ Rest Gulch. Three
small areas of the formation separated by monzonite are shown upon the map.
In the Lenox mine the formation consists of a dark siliceous hmestone, either
bluish or blackish. Much of the silica is in the form of chert nodules and layers,
but more is disseminated through the mass of the limestone in microscopic grains.
The top of the formation passes, by sandy limestones and marbles, into the over-
lying quartzites. About 50 feet down from the top is a layer of limestone con-
‘glomerate a few feet in thickness. At a distance of 50 feet below the conglom-
erate are layers of quartzite that grade through calcareous sandstone into the
limestones above and below.

In the Lenox mine the limestones are about 200 feet thick, but the areas
included within the map show considerably less thickness. This is due in part
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to dislocation by the monzonite intrusion and perhaps also to a fault along its
northern .margin. The ﬁmn’zon_ite cuts off the western extension of the lime-
‘'stone; toward the east it O:UtCI‘OpS for half a mile until it :paisses beneath the Qua-
_ternary formations of the valley. Considerable alterations have taken place in -
the: hmestone near the contact of the monzonite. These consist for the most
part of a recrystallization of the calcareous mattér into marble. The marble
s also purer, as if most of the silica had been driven off at the same time. Tt is
possible that this was deposited in the highly siliceous layers which are found
in the Lenox mine. East of the latter point the siliceous material is less promi-
‘nent, and the limestone is of the ordinary calcareous composition and blue color.
_ Fossils of upper Carboniferous age are numerous, especially in the upper part of
the deposit. ' ‘ ‘

«  Jordan limestone member.—The strata of this formation were named for their
oceurrence in the Old Jordan mine. - Beginning at the edge of the valley, south of
_the Daltonand Lark mine, they follow a general southwest course and pass, with
many interruptions due to faults and monzonite intrusions, through the Brooklyn,
Telegraph, Niagara, and Old Jordan mines. = Those areas of the tcrmation which
~ -outcrop (see Pl. VI) along the south slope of West Mountain have no surface con-
‘nection with the other areas. They are considered the same, however, because
“they rest updn the same great mass of Bingham quartzite and because they have
similar thicknesses and vary in the same order. It is possible, perhaps even prob-
‘able, that the limestone at the Highland Boy mine is of the same age as the Jordan.
_The sequence of the two limestone masses around the Highland Boy.mine corre-
‘sponds in. thickness and lithologic appearance with the sequence of the Jordan
and Commercial limestone members. Besides, there is a fragmentary connection
" on the surface, through the limestone bodies southeast of the Highland Boy, in
the Stewart -and adjacent mines. For the purposes of this report, however, only
the limestones at West Mountain will be considered equivalent to the Jordan.

It is possible that the limestones at West Mountain are equivalent to the
_ Lenox limestone. The two occupy somewhat similar positions with reference to
the Butterfield limestone, but it would be hazardous to correlate them definitely.
The fossils collected from each series were not sufficient to settle the question.
If these two were equivalent in age, the probability is greater that the Highland
Boy and Jordan limestones are-the same.

The Jordan limestone consists of calcareous strata that have been more or
less altered by mineralizing agents and by intrusive masses of monzonite. . The
most notable alterations are a conversion of the limestone into marble and a more
or less complete replacement of the lime by silica. In the vicinity of the Dalton
and Lark mine the original blue limestone character is common. Farther west,
at the head of Yosemite Gulchyithe. limestone is almost entirely replaced by
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silica. The aspect of limestone is preserved, however, in the color, texture, and
fracture, as is often the case with these silicified beds. From the Telegraph mine
westward to the head of Old Jordan Gulch the alteration is for the most part a
recrystallization of the 1i'1ﬁe’stdne into marble. In this area, also, there are local
siliceous alterations o'f"’éitreiﬁely variable aspect. A great development of ore
bodies by mineralization 6f the limestone is found in this and the Brooklyn area.
That part of the formatlon Iymg on the slope of West Mountain 1s much less min-
eralized, and exhlblts the’ h‘ansmon from crystalline marble near the monzonite
to a normal blue hmestone farther west.

The most common rock in the unaltered portions of the formatlon is a pure
fine-grained limestone. The blue color varies locally from light to dark, or even
becomes black. Other colors present are light gray and dove color. A fine grain
is characteristic of the formaﬁion, whether in the unaltered state or metamor-
phosed into limestone marble. A considerable variation in the formation is the
limestone conglomerate on the slopes of West Mountain. This has a thickness
of at least 20 feet and is interbedded with the limestone about 75 feet above its
base. It is seen only at that locality and can not be traced far. Other more
frequent exceptions to the general character are the small layers of quartzite that
interrupt the limestones. These are found at various places; for instance, just
east of the Brooklyn mine,. also on the divide between Butterfield and Bingham
canyons. Between these quartzites and the limestone there is a rather rapid
transition through sandy limestones. The quartzites represent a merely local
bed of sand, the deposition of which interrupted for a short time the deposition
of calcareous beds. These and the limestone conglomerate serve to emphasize
the fact that the limestone was formed in shallow waters of varying position and
extent.

Probably the most considerable exception to the calcareous hature of the
original formation is found imits content of chert, which appears in the form of
nodules, layers, and masses. No distinction can be made between these different
forms as regards origin, although the extremes are widely different in appearance.
" The nodules are round or spheroidal (see Pl. VI, 4), and by the junction of many
of the nodules more or less continuous beds are formed. The transition from
these thin layers of connected nodules to the heavier beds of massive chert, like
those illustrated in Pl. VIII, is a change only of degree and not of kind. The
chert nodules are readily found throughout the formation, but are more frequent
in the eastern than in the western areas. The small nodules are black in color;
the larger ones are banded with concentric bands of black and gray, and both are
gray or white when weathered. The large masses of chert are dark or light gray
and become white on weatlering.
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Fossils are found in great quantity in many layers of the limestone. These
consist in the main of corals and many brachiopods and gasteropods, all of upper
Carboniferous age. A list of these is given in a table prépared by Mr. Girty
~and presented on page 389. From the great numbers of these fossils that are found
it seems highly probable tﬁat‘ the limestone beds were largely formed of fragments
of their calcareous skeletons. - The ground-up waste from their colonies was trans-
ported only for short distances before it was taken entirely into solution by the
sea water. Some such process as that indicated explains the lenticular shape,
the abrupt termination, and the great vanations in thickness of the limestone
beds, for in so far as the source was local the deposits themselves would be local-
ized and more readily affected by other local conditions. The formation has an
apparent maximum thickness of 300 feet on West Mountamn. This measure-
ment is not very reliable, however, on account of the crushing and faulting that is
visible there. Its average thickness is a little over 200 feet, which holds for all
areas except those near the Brooklyn mine. At that poiﬁt 1t exhibits only about
20 feet.- This rapidly increases to the full thickness within 200 yards to the east,
but becomes’le\’fcn a little less toward the west, before being cut off by the
monzonite.

After the strata-of this formation were consolidated, they were disturbed
In various Ways. In common with the other strata they were upturned during
the period of compression which produced the folded structure of the region. There
seems to have been in connection with this movement no alteration of the rocks
save that of position. Other changes were wrought in the limestone by the mon-
zonite intrusion. Near the contact the strata were shattered, brecciated, and
recrystallized in a manner that is more fully considered under the heading *“ Meta-
morphism” (p. 62). The brecciation involved only change of position, and its
effects seldom extended far from the contacts. Still later changes of form were
produced during the period of faulting, when breccias were formed and the strata
were broken across. Last of all came the various fissures, mineralizing processes,
and joints, the chief results of which were mineralization of the strata and pro-
duction of the .ore- bodies.

Commercial limestone member.—This is the most extensive of the limestone
bodies of this region. Except for interruptions caused by the monzonite intru-
sions, it reaches from West Mountain, just north of Old Jordan, Niagara, and
Telegraph mines, through the Yosemite and Dalton and Lark mines, nearly to the
mouth of Bingham Canyon. After a short interval it reappears, with greatly
reduced thickness, for a fourth of a mile north and south of West Mountain placer..
In that vicinity it exhibits the lenticular character common to all of these lime-
stone formations. This is best shown around Midas Creek, where it thins from
260 feet, the average thickness of the formation, down to nothing and disappears
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between the quartzites. Its extension southward from West Mountain covers a
considerable. area, but has not been investigated in detail. '

The formation contains precisely the same kinds of rock as the Jordan lime-
stone, which preceded 1t; and in fact it is quite impossible to distinguish one from
the other, either in the hand specimen or in individual outerops. The chief differ-
ence lies in the somewhat greater amount of silica present in the Commercial lime-
stone. The commonest strata in the deposit are the blue limestones and the
altered whité marbles. Also, there are found here and there beds of light-blue,
gray, dark-blue, and black limestone. In most of the areas shown on the map
the formation consists of the altered deposits. The blue limestones are seen in
both altered and unaltered forms on the slopes of West Mountain. Unaltered
or little altered limestones appear in the vicinity of the Dalton and Lark mine,
and the amount of metamorphism in the area north of that point has not been
sufficient to change the general aspect of the rock. Between the Dalton and Lark
mine and West Mountain the metamorphism of the limestone into marble is nearly
complete. ,

The dcposits of silica have the same form in this limestone as in- the Jordan.
Part of them may be of secondary nature—i. e., may be due to silicification of
the original limestone—but part is also original, in the form of more frequent
chert beds. Pl. VIII is a rcproduction of a photograph of one of these béds on
the divide just northeast of Telegraph mine. When in the form of chert, they
range from small balls and nodules up to bedded masses. There are also a few
beds of quartzite included in the limestone near its junction with the Bingham
quartzite. In some cases, for'instance, southwest of the Yosemite mine, it is diffi-
cult to say whether these beds were formed as lenticular deposits or were produced
by repetition of the beds along strike faults. Some layers of the blue limestone
contain fossils, but they are less common than in the Jordan limestone. These
are not found in the marbles and altered strata. , .

The Commercial limestone has passed through the same periods of metamor-
phism as the preceding formations. The original nature of the beds was the same,
and the same agencies were active in changing them. Accordingly, the secondary
products are identical in appearance with those of the Jordan limestone. The
description of the alterations of the Jordan will suffice for the Commercial except
for differences in locality.

Highland Boy limestone member.—Six areas of limestone classed under this
name are found around the head of Carr Fork. These are within short distances
of the Highland Boy mine, which is situated upon its largest area. Several other
small areas which are found inclosed in the mass of the monzonite may be assigned
to this formation. The question of the equivalency of this limestone with the
Jordan has been discussed already, in part. The general sequence of the forma-
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‘tions, including the Highland Boy and Yampa limestones, very strongly resembies
that which includes the Jordan and Commercial limestones. The thicknesses of
the respective limestones are about the same, and the intervals between them are
similar. The Yampa is more siliceous than the Highland Boy, just as the Com-
mercial is more siliceous than the Jordan. Between the principal limestone mass
at Highland Boy and that at Old Jordan the connection by isolated areas of lime-
stone is so close that it is impossible to state to which formation some of these
bodies belong. On the other hand, the Highland Boy limestone, at the head of
Carr Fork, seems to lie above the Commercial limestone near by on West Mountain.
' Th]s apparent superposition, however, has little or no weight, on account of the
. a%,blhty of faults which may have repeated the outcrops of the formation., There
ar. undoubtedly many faults of considerable throw that are as yet undiscovered,
because the rocks through which they pass are the same and show no offsets.
Another fact that is adverse to the correlation of the Highland Boy and
:Jordan lirnestones is the presence of the Tilden and Phoenix limestones above the
Yampa limestone. Both the Tilden and the Phoenix limestones, however, have a
strongly m@rkg;l lenticular character and disappear in short distances along the
strike. A similar disappearance, therefore, across the strike, in the direction of the
Commercial limestone, wou'd reasdnably account for their absence above Old Jordan.
On the whole, it is not at all sure that the Highland Boy and Jordan limestones are
‘the same, although manjy facts point most strongly to that conclusion. The two
series will therefore be sep\én‘ately represented and described.
‘ The Highland Boy limestene is now composed altogether of marble. Most of
“this is white.or of light color but there are in places beds that are mottled blue and
. white. Although none of the original rock of the formation is now visible, the altera-
tions undergone by other limestone beds indicate that this marble was derived
~from blue limestone. The Highland Boy limestone contains considerable silica,
“both in the form of extremely fine sand grains and of amorphous silica or chert.
Much of the chert is undoubtedly secondary, but some, at least, is an original part
~ of the deposit.. The same can be said of that portion of the silica which appears as
‘rounded grains of quartz sand. These fine, rounded grains, not usually visible to
the eye, represent a small amount of quartz sand that was added to the calcareous
matter when the formation was deposited. The chert occurs in small masses,
sometimes nodular, but the round forms are much rarer than in the unaltered
limestones. In this respect it is similar to that found in the altered portions of
the Jordan limestpne.- The silica seems to have been largely taken into solution
and redeposited in more irregular shapes. The eause of this solution and redepo-
sition was undoubtedly the intrusion of the monzonite, as was the case in the
Jordan and Commercial limestones. Practically all the chert and marble is white
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or of light color, and it is probable that the coloring matter was driven off from
them when they were recrystalized.

The Highland Boy limestone is about 400 feet thick at its greatest development.
Whether this is its true thickness, or whether its thickness has been increased by
faults, is uncertain. Southwest of the Highland Boy the formation is cut off by faults
and by the intrusive monzonite, so that its manner of change in that direction can
not be determined. It disappears altogether, however, before it reaches the divide
between Bingham and Tooele canyons, for in that locality only quartzite is seen
at this horizon. What appears to be the westward continuation of the Highland
Boy limestone is part of the Yampa limestone, offset by a fault into the line of the
Highland Boy limestone. Immediately below the Highland Boy mine, also, the
formation is cut off by a fault along the line of the valley. East of this fault no
representative of the formation is found which is distinet enough to be mapped.
There are, to be sure, a number of slightly calcareous beds in the quartzite. These,
however, are not limestones and can not be traced for any considerable distance,
even if they were known to represent the Highland Boy limestone. In any event,
the conclusion must be reached that the formation thins very rapidly eastward, or
else there would be some recognizable deposit of limestone at its horizon within so
short a distance.

Yampa limestone member —There are two bands of this deposit on the
northwest side of the gulch above Highland Boy mine. = It is possible that this is
equivalent to the Commercial imestone. The evidence for and against this is the
same as that found in the case of the Highland Boy and Jordan limestones, and no
conclusion can be reached.

As was true of the Highland Boy limestone, none of the original blue limestone
is left in this member; it consists entirely of white, siliceous, and cherty marble,
Except for its more siliceous character, this and the Highland Boy limestones are
practically indistinguishable. The silica is partly rolled quartz sand, washed in
with the lime when the deposit was formed. This is plainly to be seen when thin
sections are examined under the microscope. There appears to be, also, a small
amount of secondary silica in minute grains, which probably replaces some of -the
original calcite. Nodules and irregular masses of chert are frequently found in
the limestone, the irregular bodies being more prevalent. These masses probably
represent secondary alterations of and additions to the chert nodules, as in the
Highland Boy limestone. In no other respect is this limestone separable from
the Highland Boy. ' '

Kast of Clipper Peak the formation appears to be thickest, its thickness there
being about 400 feet. Southwest of this locality it rapidly becomes thinner and
disappears within a quarter of a mile. North of Highland Boy mine 300 feet of
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marble appear, and this in turn thins out and disappears toward the northeast.
Part of this diminution 4s attributable to faults that pass down the valley, east of
which, as was true of the Highland Boy limestone, there are no calcareous beds of
note which mlght be considered the equivalent of the Yampa limestone. Thus this
limestone mass wedges out quite as abruptly as the Highland Boy. .

This limestone, like that of the Highland Boy member, has been everywhere
metamorphésed. The change was probably due to the same monzonite intrusions
that affected the other strata. ' At present only the southwest end of the formation
is seen in proximity to a monzonite body. - North and east of the Highland Boy
mine no outcrops of monzonite are seen within 500 feet of the Yampa limestone. Tt
is quite possible, however, that there are other bodies beneath the surface which
are nearer the limestone bed. Moreover, this formation lay for the most part above
the beds into which the monzonite was forced. Heated waters and vapors from
the monzonite would tend to rise, and would reach, therefore, to greater distances
upward than laterally. In this manner might be explained the metamorphism
of the limestone at a greater distance from the igneous rock than in the preceding
formations. The same line of reasoning would account for the alterations of the
Tilden and Phoenix limestones, which lie considerably higher than the Yampa and
are still further removed from the monzonite contacts.

Tilden and Phoeniz limestone lentils.—These two limestones will be described
together, because they are in all essentials simnlar. They are found on the north
side of Carr Fork, in a belt that is more or less broken by faults. Each formation
~consists of white or light-colored marble. This is siliceous, like the Highland Boy
and Yampa limestones. Most of the silica is in the form of minute sand grains
enclosed in a calcarcous matrix. Where.the amount of this increases it is difficult
to mark the boundary between these formations and the adjoining quartzites. For
the same reason it is difficult to trace the formations along the strike where they
thin down to a few feet. If exposures were good they could undoubtedly be fol-
lowed for long distances, but there is so much slide rock and scrub oak on the hill-
sides that the thin calcareous beds are entirely covered over. Thus, it is possible -
that either or each of these limestones may be represented by the thin seams of
limestone that cross the summit of Clipper Peak at no great distance. The latter
range from 1 to 6 feet in thickness and can not be traced beyond the immediate crest,
where the. cover of loose material is small.

The maximum thickness of the Tilden limestone is about 100 feet, at a point.
north of Mighland Boy mine. This thickness is maintained eastward, with slight
loss, to a point where the limestone is cut off by the Carr Fork fault, like the two.
preceding formations. The Phoenix limestone has a maximum thickness of about.
300 feet southeast of the Petro mine. Eastward this diminishes rapidly, so that the
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formation is barely recognizable where it crosses Carr Fork., Westward it can be
traced to Sap Gulch, where it is lost in the talus. The alterations and secondary
deposits in these formations are precisely the same in character and origin as those
in the limestones already described.

Other limestone lentils.—The succession of imestone beds which begins with the
Highland Boy is continued above the Petro limestone by many small layers. These
are in no case large enough to be shown on the scale of the map, although locally, as
in the case of the limestone in the York mine, they gain importance from the ore
deposits which they contain. Nor is it possible to trace them for any considerable
distance with certainty. Like the larger limestones in the same areas, these are in
many places altered from their original form. The changes were usually those of
silicification, however, and the beds did not takMthe form of marble.

In a distance of a mile, from Markham Peak southward to Sap Gulch, there are

at least a dozen separate layers composed either of pure blue limestone or highly
calcareous sandstone. Small Jimestone layers that occupy the same general position
in the quartzites are found on all the slopes at the head of Pine Canyon and in Mark-
ham and Freeman gulches. DBeds similar in character, and possibly in position,
appear on the eastern slopes of Dry Fork. These appear to extend into the limestone
series at the heads of Pine Canyon and Markham Gulch. The existence of this group,
just above both the Yampa limestone and the Commercial limestone at West Moun-
tain placer in the same relation, is an additional reason for correlating these two
limestones, as already discussed. If this 1s the true relation, then a number of
thin limestones that are found above the Commercial limestone in the Fortune
and adjacent mines would also fall into this upper group.
' Another group of thin limestone layers is found much lower down in the Bingham
quartzite. They outcrop along the slopes of Butterfield Canyon, Yosemite Gulch,
and Lenox Gulch, below the Jordan limestone, and are usually less than 10 feet thick,
some being mere seams. In these layers the Badger, Chicago, and other mines have
heen opened. Silicification was very active in these beds and replaced their calcium
rarbonate by beds of chert of a dark-blue or black color. Such replacements are
the rule, except in Butterfield Canyon, where large monzonite bodies are distant and
alteration was less active.

It is probable that no one of these beds is of great extent, but that they are aly
of the lenticular type, as are those in the larger formations, where the facts can
be determined. | :

Recent deposits.—Gravels and sands of four distinct kinds are found in the
Bingham district and the adjoining regions. The latest are the gravel deposits which
form the flood plains of the present streams, and which are even now in process of
construction and alteration. Every cloud-burst and freshet carries downstream a
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part of this material, depositing. it here and cutting it away there. These deposits
are mere narrow strips and are confined to that portion of the stream valley which is
actually reached by the running water at one time or another.

Of similar nature, but' somewhat earlier in date, are the gravels, sands, and clays
that form the surface of the desert valley for a mile or two out from the foot of the
mountains. These are of somewhat higher elevation than the flood-plain gravels,
and extend for short distances. up the principal gulches in the form of terraces. At
one time they no doubt extended as far up the gulches as the present gravels, but
the narrow strip which they formed has almost all been cut out. These gravels
were deposited by running water in situations where the grade did not give power
enough to move the waste fargher. . As the amount of water and the grades of the
stream gradually lessened away from the mountains, the deposited waste became
finer and finer, so that gravels were deposited at the mountain border at the same
time that clays were laid down farther out in the valley. Both north and south of
Bingham Creek, along the borders of the desert valley, the beds of desert gravels lie
at considerable angles and are far from being in a uniform plane.” In general they
-are higher on the divides between the principal drainage lines, as would be expected
in the case of water-laid deposits.

_After the period of reduction that produced the desert gravels, stream cutting
became active again; the streams wore their channels deeper, and the former deposits
were left in terraces and thin sheets between the renewed courses of the streams.
This process has gone so far that the rock underlying the gravels is brought to view
on practically all of the streams within a mile of the mountain border. .

The reason for this second cutting is not certain. Two causes might have con-
tributed to the result. By an increase of the rainfall the streams would have gained
volume and power and would have been able to transport the waste over flatter
grades. Thus, starting from the same point in the valley, the new stream cuts
would be successively deeper upstream. This would adequately explain the renewal.
The present situation might also have been caused by an uplift of the region which
was greater in the mountain section. This result would have been accomplished'
either by a slight folding and warping or by movements along a series of fault planes.
That either of these was the active cause of the renewal of stream cutting the
evidence is insufficient to decide. More weight is given to the theory of fault
movements, however, by the variety of elevation of the high-level gravels and the
discordance of their slopes with the present stream grades. Half a mile above the
mouth of Carr Fork, for instance, a considerable terrace deposit lies nearly flat,
while the creek has a considerable fall. The gravels below Highland Boy mine
show the same feature, while the opposite is true near Lead Mine. Normally, the
deposits near Lead Mine, being farther downstream, should lie at lower angles.
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The grades of the different terraces do not fall into any system, like those of the
flood plains. The terrace gravels now rest at grades somewhat steeper than those of
the corresponding gravels that are now forming on the flood plains. This is best
shown in the terraces that extend from the desert gravels up the north side of the
canyon to a point near West Mountain placer. At that point the tops of the ter-
race and the flood-plain gravels are 60 feet apart vertically, while less than a mile
dovnstream they coalesce and form one continuous sheet. On the other hand,
where the creek emerges upon the desert valley near Lead Mine the desert gravel
sheets form terraces along the creek like those farther upstream, but much higher
above the flood plain. These appear to slope somewhat more rapidly than the flood
plain, and lie at different heights on opposite sides of the creek, although the opposing
terraces appear to be the same in every respect but that of altitude. Since each
terrace, on its side of the creek, represents the period of cutting preceding that which
formed the present flood plain, they were presumably made at the same time.
The difference in height is, however, more than should be expected in such a short
distance between the original stream bed and the divides of adjacent valleys. The
most probable explanation is that a fault passes down the valley of the creek in a
direction a little south of east, along which the formations were upthrown on the
south. Similar gravel-capped terraces extend up the main creek above Bingham
Canyon. At the forks of the creek they are 50 feet higher than the present flood
plain, but the two come together half a mile upstream.

In Bear Gulch, above Telegraph mine, there is an extensive gravel deposit which
has not yet been invaded by the recent stream cutting (see Pl. XLIV). The grade
of this gravel bed is considerably less than that of those found in other and similar
portions of the headwaters, although the creck flows over practically the same forma-
tions. At Telegraph mine,just below this deposit, the creek fallsrapidly and its back-
ward cutting is at a maximum. It is possible that this deposit is of a local nature
and has always stood at a considerable lieight above the rest of the headwaters. A
sufficient reason for this may be found in the barrier of quartzite just above Tele-
graph mine. In this place the natural durability of the quartzite is reenforced.
Oxidation of the sulphides has set free iron oxides and hydrates and recemented the
jointed and broken quartzites so effectively that they form a definite barrier. The
westward extension of this barrier in cliffs is seen in P1. XLIV. That this has been
in existence for a long time is proved by the shape of the gravel deposits, which con-
tract downstream to that point. .

No history so clear can be deduced for the similar deposits above the mouth of
Carr Fork, although there is a noticeable contraction of the canyon above the forks
of the creek, and the jointed quartzites are more or less recemented by iron oxide.
While there are enough resemblances in the two situations to suggest a similar origin,
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it can not.be said that the case is made out for either theory of the renewal of stream
cuﬁtiﬁg | - | |
Gravels of the same. origin as.those of Bear Gulch are found in many other
gulches Wlthm the district, but are conspicuous only in Pine Canyon and Dry Fork.,
They are Qf precisely the same origin as the flood-plain gravels, for they occupy
planation slopes at the bottoms of the canyons and differ from the gravels of the flood
plains only'in the higher grades at which they lie. In the upper parts of the gulches
they have been left untouched by recent stream cutting, and they correspond in
time of formation to the high-level gravels and terraces. The slope of these gravel
deposits increases in a steady curve toward their heads. In practically all of the -
~ planation slopes the grade is too steep and the flow of water too swift to permit the
accumulatlon of fine materials, such as auriferous sand. The only respect in which
these planation depos;ts differ from the usual deposits at the heads of gulches is in
their width. Most of ‘the gulches have V-shaped bottoms with almost no develop-
ment of the flood plain. In Pine Canyon, however, the planation slope has a fairly
constant width of 400 feet, and sections across the slope at any point are nearly
" horizontal for that distance. This slope also resembles those in Bear Gulch, which
Cugve upward toward its head, but have a much smaller actual rise. They are the
results of the samne process, differing merely in degree as the local conditions vary.,
The gravels thus formed, both at high and low levels, are composed exclusively
of local materials. These consist almost entirely of the harder portions of the rocks,
the quartzite, chert, and monzonite. . The softer portions, such as sandy shale,
argillaceous sandstone, limestone, and marble, do not survive the violent wear to
which-they are subjected. in the stream beds. The limestone and marble fragments
travel down;_‘ the slopes scarcely even as-far as the streams before being worn to
powder. o
Many streaks of auriferous gravel were deposited with both high- and low—levcl
terrace, and flood-plain gravels. By the oxidation of the sulphide ores, the gold
was: freed ‘and -carried downstream with the other heavy and durable materials.
I_’Iaﬂqers have been operated at various times in Bear Gulch, in the terraces above
Bingham, and at West Mountain placer, the gravels thus representing the high-
level, terrace, and flood-plain types. The Bear Gulch gravels are above any con-
siderable mass of sulphides, and seem to indicate small ore bodies that are more
richly auriferous than any now seen.  Near Bingham the gravels and pay sands
accumulate 'fromd both the Old Jordan, Niagara, and Telegraph areas, where the
- oxidized sulphides have been found to be rich in gold. The cuttings near Bingham
expose an old stream channel filled with gravel and -abandoned during the later
cutting of the streamn. No special reason can be seen for a concentration of gold at
the West Mountain placer. Dry Fork enters the main creek immediately above
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the placer and may have contributed to the gold content of the gravels where its
grades were lessened. This supposition, however, is not supported by any evidence.

What appears to ‘be another class of gravel deposits is the series of ferruginous
conglomerates .found along the higher branches of Bingham Creek. These are
conspicuously displayed at various points near Old Jordan and Niagara mines and
between Upper Bingham and the lower part of Binghani. On Carr Fork, also, in the
vicinity of Highland Boy mine, they are equally prominent. The general appearance
and the horizontal attitude of these beds are exhibited in P1. XII, and a specimen
of the rocks composing them is shown in PL. XIV, B. They cousist of fragments of
quartzite a few inches in diameter cemented by brown hematite and limonite and
little, if any,rounded. The layers of coarse and fine quartzite pebbles are preserved
by the cement just as they were deposited. _

Deposits of this kind follow the streams closely, being seldom more than 20 feet
above the water level. Those on Carr Fork, below the Highland Boy mine, are
slightly higher. No gravels of the present flood plains seem to have been thus.
recemented. The ferruginous conglomerates are developed along streams that
drain large areas of sulphide-bearing lirmnestones, but they are not confined to the
immediate vicinity of the limestones. They are even more prominent half a mile
below the Telegraph mine, for instance, where the country rock is monzonite, than
they are near the limestone bodies. Naturally, however, the ferruginous material
would work downstream from its source and collect at favorable points. The con-
ditions favoring the formation of these deposits seem to have been the existence of

large bodies of sulphide ores and a considerable slackening of the stream grades.

Above the large limestone bodies there are none of these conglomerates, nor are any
formed in the steeper gulches or on the hillsides of the limestone areas. They are
cqually absent from the limestone areas where there is no considerable body of
sulphides. Where the grades slacken materially the conglomerates first appear and
extend for considerable distances downstream. They are not seen, however, below
the junction of Carr Fork and Bingham Creek, or in any localities more remote from
the principal sulphide bodies.

These conglomerates strongly resemble the gossans which mark the outerop of
the sulphide masses. In the gossans, however, the hydrates have not been trans-
ported far from the sulphides, nor have they any association with the stream beds.

The conglomerates resemble even more strongly the ferruginous breccias formed in
"~ the quartzite along the lines of the mineralized fissures. The quartzite fragments
of each kind are angular, and the cementing material is the same and is derived from
the same source. The fissure breccias, howevér, usually form vertical sheets, while
the conglomerates are nearly horizontal. The fissure brececias are found at all eleva-

tions, cutting straight across the steepest slopes and bearing no relation to the drain-
10556—No. 38—05——4
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age lines. The fissure breccias, also, are widely distributed throughout the entire
mining district and not limited to small strips along the streams near the large sul-
phide bodies. The ferruginous conglomerates contain a very ,much greater amount,
-of iron hydrates, being more like the gossans in that respect. Near Old Jordan the
two are strongly contrasted, in the gossan along the Galena fissure, just above the
Old Jordan mine (in the foreground of Pl XXXVIII), and the ferruginous con-
glomerate immediately below it.  On the summits of the ridges north and south of
the mine is seen the third kind, the fissure breccia.

IGNEOUS ROCKS,

Cutting through or resting upon the Carboniferous strata of this region are
found many igneous rocks. These are of two classes, intrusive and extrusive.
The rocks .of the former class appear as monzonites and allied rocks, breaking
through and metamorphosing the strata of the mountains.. Those of the latter
,dass are andesite and allied porphyries, which border the mountains and floor

~ the desert under a variable cover of recent gravels. The monzonites were formed
at considerable depths and under great pressure; the andesites were poured forth
upon a preexisting surface. The interval of time betwecn them is unknown, but
probably was great enough to permit the present larger topographic features to
be carved, so that they controlled the form of the andesite flows.

Monzonite and monzonite-porphyry.—This 1s the largest formation in the
Bingham district except the Bingham quartzite. 1t forms many large and small

-~ .« __jizegular bodies in the mountains lying cast and northeast of West Mountain,
in a group about 1 mile wide and 4 miles long. The two largest are that which
lies at thé heads of Carr Fork and of Bingham Canyon and that which reaches
ffom Highl'ﬁ,n’d Boy to Upper Bingham. Most of the monzonite bodies are con-
nected with one anotlier at the surface. They are also more common in the lower

‘ i)art of the Bingham quartzite and may unite at considerable depth.

* The monzonites are in all cases intrusive into the sedimentary strata, and
the usual contact phenomena of intrusive bodies accompany them. Whether
the intrusion occurred prior to or after the folding can not be determined in this
region. In many cases sills of the monzonite lie between the sedimentary layers,
tilted at the same angle and as if by the same process. They may have been
intruded into the quartzites and limestones at a much later period, however, and
have simply followed the stratification ‘planes. The usual contact of the mon-
zonite is extremely irregular, and may vary within a very short. distance from a
course that is paralle] to the beds to one that lies directly across them. No posi-
tion can be assumed to be the type or the rule, and accordingly it is not possible
to determine the age of the igneous mass with reference to the tolding. The facts
in other regions may throw light upon this question.
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The monzonites are exceptionally irregular in form, and, as regards structure,
fall into two classes—(1) masses that break irregularly across the strata, and
(2) sills that lie for the most part parallel to the strata and between them. The
latter are comparatively thin, but their outcrops can be traced for long distances.
The Intrusive masses of the former class have great breadth and thickness as well
as length, and clearly have displaced large masses of the older quartzites and
limestones. The monzonites have a decided family resemblance throughout the
region; and, although they show local changes, they are probably variations of’
one magma. Two general lithologic varieties are seen. The principal one is
typified by the great masses between Carr Fork and Bingham Canyon and con-
sists of a massive holocrystalline rock of medium grain and dark cotlor. The other
appears in many of the smaller dikes and sills, as at the Fortune and Zelnora mines,
and consists of a coarsely porphyritic rock of gray color. The latter are directly
connected with the former at the surface and in the same rock mass. Between
these two extremes there are sundry facics of texture.

The monzonite is usually a dark, oray, brown, or black rock, whose surfaces
weather gray or rusty brown. The gray aspect is due to the feldspar, espectally
in the porphyritic ‘varieties, and increases with the amount of that mineral, while
the darker colors are caused by the biotite, hornblende, and augite. A rusty
and brown appearance is often causcd by the oxidation of the won-bearing miner-
als, while decomposition of the feldspars in other places gives a whitish surface
to the rock. The monzonite is composed principalty of feldspar, with biotite,
hornblende, augite, and quartz. All of these may appear in one rock, or the feld-
spars may occur with any combination of the others. As a rule, the orthoclase
feldspars are numerous; in places, however, plagioclase feldspar prevails and the
rock has a dioritic facies. Quartz is rarely seen in the hand specimen, but appears
frequently in the thin section. It varies considerably in amount, and in places
its quantity is sufficient to give the rock a decided resemblance to granite. In
the porphyritic varieties small, corroded phenocrysts of quartz are sometimes
to be seen. Usually, however, quartz is not a prominent constituent of the rock.
Besides the principal constituents, feldspar, biotite, hornblende, and augite, and
the minerals of the metalliferous deposits, there are few coarse minerals to be seen
in the monzonite. Magnetite, pyrite, and chalcopyrite are found in small grains
and are widely distributed through the rock. One or more of them is found in
every thin section. Epidote appears here and there, but.very sparingly. A
little secondary calcite, chlorite, and muscovite are also found. The composition
of the rock is simple, and practically all of the minerals are visible to the eye in
one place or another. Its analysis is given on page 178.

Iu the monzonite-poiphyry two generations of minerals are found—(1) the
porphyritic, in crystals from one-eighth to one-half inch long, and (2) the ground-
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mass, of granular nature, in which the crystals range from one-eighth of an inch
down to microscopic size. Feldspar and biotite are the minerals which ﬁsually
compose the phenocrysts. Pyroxene is much less common than the other miner-
als, either in the phenocrysts or in the groundmass. One section shows pheno-
crysts of quartz, which are very uncommon. Phenocrysts of orthoclase (Pl IX, A)
are conspicuous in the porphyry north of the Fortune mine. In the groundmass,
however, both orthoclase and plagioclase feldspars are usually present. Por-
phyritic biotite characterizes the bodies of the formation south of Telegraph and
Niagara mimes. This variety of the monzonite-porphyry is also marked by a
very fine grain, most of the minerals being of microscopic size. This rock when
fresh is of light-gray color, and underground it is very difficult to distinguish it
from the quartzite and the cherty marble. On the surface, also, the same diffi-
culty is encountered, for the porphyry weathers in fine, structureless fragments
that are remarkably like the limestone and quartzite. In Pl. IX, B, showing a
specimen of weathered monzonite-porphyry, is seen the extent to which the appear-
ance of the rock is changed. It very closely resembles the weathered siliceous
marble and quartzite, and only by the more or less bleached crystals of biotite
can the porphyry be distinguished from the other rocks.

The fine-grained monzonite is not confined to the two localities above men-
tioned, but s often to be seen near the contact of the monzonite with the other
1ormations, in the smaller intrusive bodies, and even in the large masses (Pl. X, A).
The smaller portions are not always characterized by this fine grain, however,
but frequently are composed of monzonite-porphyry of coarser grain than that
seén in some of the largest masses. The great body of monzonite surrounding
the Last Chance nine, for instance, contains no rock so coarse as that which is
found in the narrow sill that passes through the Fortune mine (Pl. IX A) or as
that which appears in one or two of the narrow dikes at the head of Carr Fork
and Tooele Canyon. In a general way, however, it seems clear that the forma--
tion is coarser in the eastern bodies. The average appearance of the rock is illus-
trated in Pl. IX, B, which represents a sample {rom the Old Jordan mine.

The variations in the thickness of the monzonite masses are extreme, as might
be expected from its nature. Many of the minor dikes and sills are less than a
foot thick, while around Last Chance is exposed a mass a mile long, a half mile
wide, and at least a thousand feet deep. Around Upper Bingham is a body simi-
larly great. That these figures represent the original size of the monzonite masses
is not at all certain. Faults are numerous, and by them the original thickness
may have been either increased or decreased. There are countless joint planes,
slight motions along which are also capable of distorting the original mass.

When due allowance is made for later changes in size, it is clear that the mon-
zonite was forced into the sediments in great bulk. This necessitated changes

1
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of corresponding magnitude in the quartzites and limestomes. The conditions
which controlled the intrusion of the monzonite are rather obscure. It has angular
areas, but it is extensively faulted, so that its present outlines are due in part to
faulting. In many places, however, where there is no indication of faulting, the
monzonite outlines are equally angular. They were due, therefore, to some initial
weakness in the quartzite. A quartzite bed when strained was most likely either
to part along the sedimentary planes or to break across them at wide angles. Thus;
when the quartzites were forced apart there was in them a generai tendency to
open for the entrance of the monzonite either along the strata or abruptly across
them. From this would ensue much of the extreme irregularity of outline shown
by the monzonite.

The disruption of the quartzite and the advance of the monzonite was accom-
panied by the production here and there of breccias of the two. As a rule the break
was rather clean and the two formations now adjoin each other along sharply defined
planes: Breccias of this kind, while they are in no way conspicuous, are most com-
mon in the eastern part of the district. As is to be expected from the great bulk of
the quartzite, most of the breccias are composed of monzonite and quartzite. Marble
or limestone is rarely associated in that way with monzonite. The fragments are
measured by inches and seldom exceed a foot in diameter, and those of quartzite
are more numerous than the others.

Fragments of other rocks are also found included in the monzonite, far from
its visible borders. Possibly fragments of the sediments were swept upward by the
moving mass into its upper portions, which now have been removed by erosion. A
fact supporting that supposition is the appearance southeast of the Telegraph mine of
hornblende-diorite fragments within the monzonite. No areas of this diorite occur
at the surface in this region, so the fragments have been brought up from below.
Qn the other hand, in the small dikes where the upper parts of the intrusive are

-now seen there are practically no fragments. ,

The intrusive masses were, of course, much hotter than the sedimentary strata
and would cause sudden expansion of the sediments near the contact. This would
tend to shatter the strata and produce breccias. The fragments so formed were
cooler and perhaps denser than the monzonite, and thus tended to sink through it
until they were equally hot. In this way as fast as they were formed the breccias
may have been taken into the intrusive body. The transmission of heat in rocks
is very slow, so that ample time would have been allowed for the removal of the
fragments. .

A process of this nature, which has been termed “magmatic stoping,” would
account in considerable measure for the apparent disappearance of large quantities
of the sedimentary rocks where the greatest intrusions of monzonite took place.
Around the larger areas of the monzonite the sediments do not seem to have been
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dislocated by amounts equal to the mass of the monzonite, nor are the quantities
of visible breccias in any way commensurate with the force which must, have been
applied or with the rigid nature of the quartzite. By the continuance of such a
process large amounts of the sedimentary strata could have been replaced by mon-
zonite without great dislocation. Some such supposition seems desirable to account
for the facts. It is not, however, supported by the existence in the larger masses
of monzonite of proportionate quantities of included fragments. 1t is possible that
erosion has net laid bare those portions of the monzonite where the inclusions were
numerous. It is also possible that the included fragments were rendered {luid and
“absorbed into the monzonite itself. No partly absorbed fragments were observed,
however.

_Certain other features of the intrusion are adverse to the theory of ‘‘stoping.”’
Most of the inclusions of quartzite and limestone are small fragments, a few inches
or less In diameter. Some, however, are very large, bemg 300 or 400 feet in length
and far scparated from their parent masses. They are oriented in various direc-
tions, just as if they had been poised or floated. This apparent hydrostatic equi-
librium explains the seeming ease with which the great masses of quartzite and
limestone were forced apart yet at the same time held in the same general positions
throughout. That the monzonite was thoroughly fluid seems clear from the extreme
thinness of many of its layers. Fractures were formed, of course, or the intrusive
rock could not have entered, but they appear to have been speedily filled by the
intrusive, with little displacement of the masses as a whole. It is difficult, therefore,
to reconcile this apparent flotation with the sinking required by magmatic stoping.

The monzonite has been much less altered in composition than the limestone-
quartzite series. It shared, of course, in the faulting of the region, as is abundantly
shown on the ground by the offsets, straight-cut contacts, and breccias. Metamor-
phism like that in the sediments, due to contact with the monzonite, of course did
not affect the latter. All changes that could have been wrought by the heat which
it possessed had been already accomplished. lts minerals were formed under great
heat and pressure, conditions which were changed by the intrusion only near the
contacts. Nor is there visible much alteration of the monzonite from contact
reactions. It has the usual finer grain in that situation and in addition a more
siliceous composition. This alteration is of the same class as the siliceous alteration
of the sediments. Doubtless it is due to the circulation of the same silica-bearing
waters that affected the quartzites and limestones near the contacts. It is more
prominent in the finer varieties of the monzonite, but that is perhaps due to the fact
that these finer varieties arc also more common near the contacts. TFurther altera-
tions took place at various later dates. These are discussed under the heading
‘‘Metamorphism’’ (p. 62), and are mainly of the nature of mineralization near
- fissures.
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Andesite and andesite-porphyry.—The second or desert group of igneous rocks
in this district lies east of the Oquirrh Mountains and consists of andesite, andesite-
porphyry, and andesitic breccia. These rocks abut against the Carboniferous
quartzites and limestones of the mountains and are there exposed in considerable
bodies. = Andesite appears also for a mile or more from the foot of the mountains
wherever the streams have cut through the thin cover of Quaternary giavels. It
is, therefore, probable that a large part of the Salt Liake Valley along the mountain
border is also underlain by andesitic rocks. South of Butterfield Canyon, also, in
the cross range which separates the valleys of Great Salt Lake and Utah Lake, an
immense body of andesite and andesitic breccia is seen, apparently the continuation
of that which is exposed at intervals in the desert lying farther north. ‘

Most of the formation consists of massive or porphyritic andesites. Large
masses of the breccia are seen, however, in the exposures near the Oquirrh Moun-
tains. The rock of the andesite group seems to have been deposited as an overflow
upon an existing surface. Its contact with the Carboniferous rocks is almost inva-
riably covered with loose quartzite wash, so that its exact nature has not been deter-
mined. At certain points, for instance, near Dalton and Lark mine, il appears to
cut across the edges of the quartzite like a dike. Half a mile farthef north a similar
but less definite arrangement is seen. Usually, however, the andesitic rocks occupy
low ground around and between the quartzites, as if deposited in previously formed
hollows. Possibly the mass at the Dalton and Lark mine occupies one of the vents
through which came the bulk of the formation. It is equally possible that the
visible arrangement 1s due to subsequent faulting. |

The andesites are usually fine- or medium-grained rocks of dark color. Exposure
and disintegration produce a light- or dark-gray color through the alteration of the
feldspars. In most places the rock has a porphyritic habit. While this is seldom
conspicuous, occasionally the phenocrysts are coarsc.an4 large, as, for instance, one-
half mile northeast and east of Fortune mine.

The principal minerals of the andesite are plagioclase feldspar, green horn-
blende, augite, and biotite. Besides thesc there are small amounts of quartz,
orthoclase, magnetite, pyrite, and chlorite.” Of these minerals the plagioclase,
hornblende, and augite appear as phenocrysts. The feldspar usually forms stubby
crystals. In one instance the crystals are slim, with a somewhat ophitic structure.
The hornblende and augite form wrregular and patchy erystals. The same minerals
appear in the groundmass in very fine grains and crystals. Chemical examination
indicates an approach to latite in composition. ‘

Portions of the formation consist of andesite fragments, less than a foot in
diameter, embedded in a matrix of andesite. The fragments are of about the same
composition as the matrix and probably result from the partial solidification and
breaking up of the lava as it flowed: In this respect they differ hittle from some of
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the monzonite contact breccias, but are quite unlike other breccias shown in the
mountains, where the monzonite was crushed by faulting movements that took
place long after its intrusion. .

In the vicinity of Lead Mine one of these breccias rests upon & surface of decayed
andesite and soil. From this 1t 1s evident that one brecciated flow followed an
interval of exposure to erosion. The lapse of time shown thereby was probably
not great. In Pl. XTI the horizontal arrangement and coarse texture of the breccias
are shown. Apparently they conform nearly to the present surface and have not
been greatly eroded since their formation. Thus is furnished a probability of their
recent origin. On the other hand, they have probably been displaced by faults,
as was suggested under the heading ‘‘Recent deposits’’ (p. 45). It can only be
definitely statéd, therefore, that they are the youngest of the consolidated formations.

'STRUCTURE.

. The different kinds of structure shown in this region include folds, faults,
fissures, joints, and possibly -a small amount of dynamic metamorphism. The
most important of these are the folds and faults.. The folds are of large dimensions -
and therr axes pitch toward the northwest. The principal outlines of the formations
are due to thefolds, which curve the strata in broad, sweeping bands, the general
course of each formation being a quarter circle that passes eastward through cast-
erly, northeasterly, and mnortherly courses. Faults are found in great numbers
wherever the formations are distinctive enough to show displacements, and undoubt-
edly many more occur which can not be detected. Their general effect has heen
to chop up into sections the already warped strata.

Folds.—The folds exhibited are of two kinds, broad open flexures whose dips
persist for miles, and small rolls, whose dimensions are measured by a few hundred
feet. Of the former class only one appears within the Bingham' district—a syn-
clinal fold whose axis passes in a northwest direction just below the mouth of Carr
Fork. On the southwest side of the axis the rocks dip toward the north and on
the northeast side they dip toward the west. Thus, they constitute a fold which
. pitches toward the northwest and brings to the surface successively younger beds
in that direction. On account of this pitch the oldest Carboniferous strata of the
district, which appear in Butterfield Canyon, are not exhibited in any other part
of the district, but are overlain elsewhere by the youngér quartzites and limestones
in the order of their deposition. Thus, the youngest rocks shown within the area
of the map are those appearing north and northeast of Markham Peak. The
syncline which passes near Carr Fork might well be called the Bingham syncline.
The anticline corresponding to it is seen in the upper part of Butterfield Canyon
just outside.of the area shown on the accompanying map. This has the same
northwestward pitch, so that the formations on its west side dip approximately
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westward and parallel the line of the Oquirrh Mountains from Butterfield Canyoh
southward. Similar large folds characterize the Oquirrh Mountains throughout
their extent, and their axes have approximately the same northwestern trend
and pitch. These folds were produced during the first known deformation of the
region, by compression in a northeast-southwest direction. By them the uplift
of the region was initiated and to them is due the greater part of the actual uplift.

The folds of the second order, which are recognized in the different mines
under the term ‘‘rolls,’’ are not so clearly of this origin. They seldom affect the
outcrop of the formations, but have been observed in several mines in working .
out the ore bodies and the contacts of limestone and quartzite. They are local
warpings in a general plane of dip rather than well-defined folds with dips in oppo-
site directions. The dips, which are reversed or contrary to the prevailing dip
in the locality, are usually very slight and hardly more than flat. In the Niagara
mine a roll has been worked out along an ore body. The average dip in the locality
is 30° to the north, but for a width of a few feet north and south of the-roll this is
replaced by a light, nearly flat dip to the south.

These minor folds appear to be somewhat. complicated by faults and are
associated with them. Tt is possible that they are in part. due to dislocation
along fault planes. As$ the different blocks of the earth’s crust moved past
one another they were undoubtedly more or less dragged, one upon the other.
Unless the faults were absolutely parallel in plané, when motion took place there
would be a certain amount of wedging together and compression of some of the
fault blocks. This might readily have caused local folds of this order. That
such is the case, however, can not be definitely stated.

Faults.—The second and most obvious result of deformation in this region
is the system of faults that cut across the formations, causing offsets in the lines
of outcrop. These are of all grades of magnitude, ranging from breaks that have a
throw of 800 feet down to miniature displacements a few inches in extent. Where
the formations adjoining the plane of fracture are not visibly offset past each other
the break is not called a fault, although it may have the same nature and origin
as those on which the great offsets took place. These minor displacements have
the magnitude'a,nd appearance of joint planes, except that they are more con-
tinuous in extent and more regular in attitude.

As a rule she plane of the fault is a clean-cut break that is attended by very
little local disturbance of the adjoining strata. In a few places there is to be seen
a slight bending of the adjoining strata due to friction and to dragging of the
displaced masses. Somewhat more common than this feature are breccias of the
ground-up strata due to the same friction. In the fault planes which can be seen
the breccias seldom extend more than a few inches away from the fault. In places,
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however, there are very extensive breccias; for instance, along the divide between
Bingham Canyon and Butterfield Canyon, where the mass of shattered rocks is
many yards thick. Strictly speaking, these are the result not of single fault planes,
but of fault zones composed of many planes.

The breccias consist in the main of quartzite fragments*of different sizes,
ranging from small grains up to fragments 6 and 8 inches long. Since the great
bulk of the rocks in the region is quartzite, the breccias are composed mainly of
quartzite. Where quartzite and limestone adjoin along the fault plane, the lime-
stone is more thoroughly ground up and forms a matrix between the quartzite
“fragments. Where monzonite and quf;rtzite adjoin, the quartzite still predomi-
nates, with a matrix and a few large fragments of monzonite. Breccias made
up entirely of monzonite are common, but as a rule they are the product of brec-
ciation of the formations during the monzonite intrusion. In some cases, where
a fault can be defined with monzonite on each sidc, there are breccias that are
formed entirely of that rock. The same can be said of the cases wherc a fault
passes through limestone. Here, however, the brecciation is less obvious because
the materials have been recrystallized and cemented into a morc homogeneons
mass, so that in the limestone breccias the difference between matrix and frag-
ments is not so great as in other breccias. The himestone, also, outcrops less on
the surface and its breccias are rarely to be seen except in the underground workings.

The fanlts cut the different strata at many angles, usually steep, and over 60°,
They stand in all positions with reference to the Bingham synclinal axis and show
no relation to it. They are limited to no one direction, althongh most of them
have a north-south course. The group having this course i§ best shown between
Old Jordan and Telegraph mines. Those which have no apparent system are
to be seen in the Stewart mine and vicinity, whose blocks of limestone are faulted
into the quartzite in the most puzzling manner. ‘

There is nothing in the composition and attitude of the strata themselves
that would cause these faults. Accordingly, the faults were produced by some
cause outside of the beds. From a study of the strata and their structure in the
areas around the faultplanes it is clear that the beds and the deposits do not change
materially in composition or attitude for considerable depths below the surface at
Telegraph mine. Therefore the cause which produced the faults must have lain
below this zone of uniform structure, and the faults themselves must be equally
deep seated. In this way minimum depths of 1,500 to 2,000 feet below the surface
can be predicted for the fault planes. The full depth to which the fault planes
extend is involved in theory. In certain cases where the topography and f‘auhlt
. plane have the right relation to each other a considerable vertical extent can be
determined. Southwest of Telegraph mine fault planes can be observed passing
from the gulch to the crest of the ridge for vertical distances of 500 to 750 feet.

v
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Underground workings of the Telegraph mine also extend the known depth of the
fault planes by several hundred feet more. In the vicinity of the Highland Boy
mine the topographic relief is somewhat stronger and somewhat greater. Height
and depth of the fault planes are shown thereby. ' '

The faults intersect both the sediments and the monzonite and are younger
than either. Some slight evid®nce as to their age can be obtained from the physiog-
raphy also. From the shape of the surface and the entire absence of fault scarps
it can be argued that the faults are not recent. Along some faults west of Old
Jordan and Telegraph mines the quartzite stands up abové the limestone; along
others there is no relief. The effect which the faults produce upon the topography
- can be attributed entirely to the different solubility of quartzite and hmestone. It
is true that the highly jointed character of the quartzites would prevent the fault
scarps from persisting unless they happened to be mineralized. This was locally
the case in the Bingham quartzite, and the fault zone itself stands up instead of the
adjoining rocks. (Sece Pl XTTI.) Just west of Highland Boy the footwall of the
Yampa limestone is offset by a fault, and makes an apparent scarp. This, h’owex?er,
is prominent merely because it is mineralized and more resistant than the adjacent
jointed quartzites. After makihg due allowance for this, however, it is clear that
the faults are not very recent. Beyond this fact and the certainty that the faults -
are later than the monzonite intrusion, no evidence of their age can be found in this
limited area. )

Unlike the system of folds, the faults give no evidence that they were caused
by lateral compression of the earth’s surface. Their planes are vertical or very
steep, and the motion up or down along the breaks does not presdppose any general
shortening of the earth’s crust. Local shortening and compression may have taken
place in connection with the minor rolls, as already stated, but there is no adequate
evidence of either a general shortening or a general lengthening of the earth’s crust
when the faults were formed. The immediate cause of the faulting can not be
stated with certainty. The faults were, of course, forced upon the Bingham strata.
by rocks which were stronger than they were and which were under great strain.
" This strain was satisfied by the yielding and breaking of the formations along their
weakest planes. These planes could have been developed in a vertical dircction
across the strata only near bodies of rocks which were vertical in their trend. Since,
therefore, such bodies are neither shown here at the surface nor likely to exist beneath
these slightly folded visible strata, 1t is probable that the breaks were initiated
in some crystalline or igneous rocks that lay below the sedimentary strata. To
try to analyze the causes of the faults in this region further than this would be mere
speculation. .

Fissures.—It is probable that the faults, which have great or little throw, and
the vertical fissures, whicli have little or no throw, are formed in the same way.
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Their differences are of degree and not of kind, and all are nearly vertical cuts or
breaks through strata that lie at all angles. Similar ranges in depth may, therefore,
be assigned to the fissures and to the faults., This statement implies not that the
faults and fissures were produced at the same time, but that they were due to the
same causes, operating with different degrees of intensity. It is quite likely, how-
ever, that some fissures were produced at the same%ime as the faults, both forming
parts of a single series. = The fissures were doubtless produced at different dates, for
the reason that some are highly mineralized and some are mere barren cracks, while
one may contain different minerals from another close at hand. The presence or
absence of the secondary minerals probably might indicate merely that one fissure
was more favorably situated than another for the passage of the mineralizing agents.
The difference in the character of the solutions which circulated through the same
rocks and which deposited different minerals, would imply that there were different
periods of fracturing and of ore deposition. There i1s nothing in the arrangement of
the fissures, however, to uphold this. The mineralized set are not grouped im one
predominant direction which differs from that of the barren set. In fact, both
systems are found closely adjoining or even alternating, with the same trend.

As has already been stated, the dominant fissures have a roughly north-
erly course. They are not by any means limited to that course, however, but
extend in all directions. In this respect they liave a much greater range than
" the faults. Even in the northerly direction which prevails there is a variation of
10° or 20° in each direction from the north. A typical north-south fissure is the
Giant Chief, which passes threugh the Telegraph mine. Equally prominent is the
Galena fissure, in the Old Jordan mine, whose direction is about N. 60° E. The,
steep or vertical dips which characterize the fissures are illustrated in the ploto-
graph of the Galena fissure which is reproduced in PL. XXVIII, B. In places the
dip of a fissure is as low as 45°, but this is exceptional. Both the dip and the
course of a single fissure may vary 10° or 15° from place to place or may remain
constant for long distances. | .

The fissures are distributed very generally throughout the region and are far
more numerous than those breaks which distinetly offset the formations—the faults.
Even those which are considered as single fissures are often composed of a group (see
Pl. XXVIII, B). While it is probable that the faults are much more numerous
than is indicated on the map, on account of the difficulty of detecting them where
they lie wholly in one formation, it. is still certain that the fissures outnumber the
faults many times. Underground workings, where most of the facts can be seen,
exhibit a score or more of {issures to one {ault. It is true that there is a small dis-
placement on many of these fissures, so that they arc really small faults, but in the
majority of cases there is none of note. This great difference in frequency between
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the fissures and faults might perhaps be considered an indication of a difference in
origin. Such a difference is not probable, however, except in respect to time. The
prevalling direction of the fissures coincides with the trend of the Oquirrh Mountains.
It is also the same as the line between the mountains and desert valleys in this
locality. These coincidences, however, are probably merelyx fortuitous, and do not
“indicate that the phenomena noted have a common cause. Since there is little or
no displacement on the fissures, they could not have affected the altitudes of the
mountain mass or the desert areas materially. Nor would their influence be great
through erosion of the surface, for they are not sufficiently numerous to break up the
strata along any given lines. In this respect their influence is far exceeded by the
joints.

Joints.—In the description of the individual formations frequent mention was
made of the joint planes. These are extremely common in the Bingham district
and, in fact, are to be observed in great numbers in every outcrop. They intersect
the rock at a great many angles, ranging from horizontal to vertical and occur at
intervals of a few inches. Through them the rock breaks up and is removed by
erosion, rather than by the ordinary means of disintegration along the bedding .
planes. While it is always possible to find one or two sets of prevailing joints in any
locality, the joints are not all included in these sets, but run at a great many angles.
Nor do these sets extend for any considerable distance, but entirely different systems
“may prevail a quarter of a mile from each other. That the folded strueture has no
relation whatever to the attitude of the joints is clear, because the dips may
be precisely the same in two localities where the joint systems are wholly diverse.
Nor is there any greater correspondence between the joints and the fault and fissure
systerus than there is between the joints and the dips. In short, the joints seem to
have been developed entirely regardless of the folds, faults, and fissures, and at a
considerably later period. The joints have not the simplicity of the faults and folds.
The latter were formed in obedience to forces acting most powerfully in one direction,
as can be inferred from the fact that the results have a single predominant form in
each case. The faults are more complex than the folds, but still are simple in com-
parison with the joints, for one general direction or system prevails in a given area.
The fissures are still more complex; yet they have systems over hmited areas. Both
faults and fissures give evidence of rather uniform pressures when they were pro-
duced. The joints, however, .are so variable and so complex that one must infer
great local variety or perhaps reversal in the conditions that produced them.

In the folds and faults the strength of the rock and the weight of the masses
of strata’were entirely overcome. In the joints, on the contrary, there is no evi-
dence of any but the slightest displacement or change in the form of the rock.
The joints are sharp, clean cuts, or planes along which the rock has a tendency
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to part. Where the rock is fresh the parting is not always actual, and the different
portions of the mass are frequently firmly jomed together. Under the action of
surface waters and weathering the joints become more and more visible, and finally
the portions of the rock thus divided by joints are entirely separated into loose piles
of angular fragments. ° Such displacement as is sometimes scen in the joint plancs
is small. Tt is not even necessarily true that this was produced when the joint -
planes were. It might easily be true that later movements took place along the
joints, simply following the line of least resistance. This is clearly the case in
many joint planes whose surfaces show slickensides. By the arrangement of the
striations on the slickensides the direction of the motion can be determined, and
variety of motion is thus disclosed. As the yielding to pressufe differed greatly,
it 1s accordingly likely that the direction of the pressure itself varied. As to
the cause of the pressure and the manner in which it became efficient much might
be said. Tt would, however, be of a merely theoreticaly nature, and would be
supported by insufficient evidence in this region.

METAMORPHISM,
TYPES OF ALTERATION.

The foregoing alterations, due to the folding, the monzonite intrusion, the
faults, and the fissures, were all of a structural nature and mainty affected the
form and position of the strata. Other alterations, which arc of greater impor-
tance in their effects upon the region as a mining district, are those of a mineral-
ogical nature, consisting of replacements of and additions to the minerals of the .
rocks. These changes were not produced to an appreciable degree by the folding
or faulting. The monzonite intrusion, however, was a most efficient agency of
metamorphism, and by it, either primarily or secondarily, the limestone was silici-
fied, altercd to marble, or replaced by new minerals. These alterations may have
resulted either from the direct heat and pressure along the contacts of the intrud-
ing masses, from the vapors and gases arising from the heated monzonite, or from
mineralized waters circulating through the intrusive rock. Where one process
ended and another began it is difficult to say, and it is more than likely that all
were active together.

Another class of alterations is associated with the fissures which intersect the
different formations. The monzonite had solidified before it was cut by the
fissures, hence they were of later date. They produced only slight displacement
of the adjacent formations, and probably were not attended by much al'teration
of the strata except close at hand. Alterations near them were mainty of a min-
eralogical nature, and through them, probably by aqueous solutions, were formed
deposits of ore. Not all, the fissures were mineralized, nor were they all of the |



4 METAMORPHISM. 63

same age, for many of them cut ore bodies that had been formed in previous fissures.
As the rocks now stand after the different alterations there are a great number
of lithologic varieties to be seen. Some of these bear scant resemblance to the.
original; others show only shight change.

ALTERATIONS OF MONZONITE.

The reactions effected upon the monzonite by its contact with the other rocks
have been stated in detail in the description of that formation and are very slight.
The relations of the minerals to one another were already established, and the loss
of heat at the contacts simply checked further changes. Mineralization in connec-
tion with fissures was active in the monzonite, however, though to a less extent
than in the sedimentary rocks. The arrangement of the mineralized fissures is
very far from simple. As in the other rocks, one or two sets of fissures prevail
for a limited arca, being supplanted in other areas by different sets. Most of the
mineralized fissures have dips about vertical, and in this respect they resemble
the faults. With some exceptions, there seem to have been along these fissures
no important deposits in the monzonite, such as took place in the quartzites and
limestones. Apparently the fissures were for the most part merely the channels
for circulating waters, and the minerals in solution procecded from the monzonite
bodies into the quartzites and limestones. It is possible, however, that the min-
erals came from some source beyond and below the intrusive mass and were not
deposited in the latter because its mineral constitution was less favorable to replace-
ments than the limestones. Whatever the source of the new minerals, no devel-
opment of them took place in the monzonite at all comparable with that in the
limestone.

The total mineralization of the monzonite by the various agents seems to have
been much less than that of the quartzite and limestone which inclose it. The
reason for this along the contacts has been discussed under the heading ‘‘Mon-
zonite,”” page 50. Its umportance in other places may be due to either of two
reasons: '

(1) The minerals of the monzonite may have been less susceptible to dis-
solving and recrystallizing agents than those of the sedimentary rocks. This is
undoubtedly true when comparison is made with the limestones. In the case
of the quartzites, however, it is probable that the differences would be slight.
The same minerals, when exposed to extreme metamorphism in similar rocks of
other regions, appear to have yielded more than the very siliceous minerals, such
as make up the quartzite. Accordingly, it does not seemi that the scanty min-
eralization of the monzonite 1s duc alone to its original composition.

(2) A second reason might be that the mineralizing sulutions procecded
" frem the monzonite into the adjacent rocks, hbearing matter from the former and
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depositing it in the other formations. The metamorphism is clearly greatéf as
the monzonite, is approached from any part of the sediments, so that its cause
is as clearly connected with the monzonite. Underground waters are present in
practieally all sedimentary rocks. Ieated waters must, therefore, have been
produced by the monzonite masses—bodies so hot as to be fluid. The difference
in density between the cool and hot waters would necessarily have set up a circu- |
lation, the hot currents passing up and away from the monzonite. The inference,
thereforé, seems warranted that heated waters, the active mineralizing agents,
passed from the monzonite into the quartzite and limestone. Since the various
‘sulphides are decomposed even at surface temperatures, they are relatively unsta-
ble. It is therefore highly probable that changes in the heat of the solutions
would involve them in extensive reactions. Where the waters were cooled, as in
passing through the sediments, part of the dissolved material must have been
laid down. "

There is thus a strong probability that ores were deposited in the adjoining
strata soon after the intrusion of the monzonite. Inasmuch, however, as ore
deposits are found whiclr are far later than the intrusion, the probability is equally
great that there are two groups of ore deposits, one formed soon after the monzonite
intrusion, another after the folding, faulting, and fissuring took place. Since the
fissures were later than the monzonite by at least the time needed for its solidifi-
cation and folding, the ore bodies formed through the fissures are much later than
the alterations by the monzonite intrusion. That none of the orc bodies came
from direct metamorphism by the monzonite, but all through fissures, is not
at all likely. Itis probable that some of the fissured and displaced ore bodies
were of the carlier class. Tt is also certain that some bodies lying close to each other
were formed by different solutions and at different times, because their mineral
contents differ so widely from onc another. It may well have been that the great
ore bodies were formed during the first mineralization, and that during the sccond
the existing bodies were enriched and new ones were formed. To differences of
this nature may be due the abrupt variations in value of the different ore bodies
and the predominance of one metal, either, gold, silver, or copper, in one body
over another, or one part of a body over another.

It i1s not clear whether the sulphide material in the mineralized bodics was
derived from the monzonite or came through it in solution from some remote source.
If the solutions merely passed through, however, a general deposition throughout
" the mass of the monzonite would be less likely than local concentrations, such as
appear in the limestone and quartzite. Far the greater part of the sulphide material
is disseminated through the monzonite in grains, and was crystallized directly from
the magma, hke the other minerals. The amount of the sulphides in the monzonige
as a whole is vastly greater than that in the sediments,"and the monzonite is on
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the “whole a source of the sulphides that is both probable and adjacent to the
secondary deposits. 1t seems, therefore, most likely that.the sulphide minerals in
the limestones and quartzites were derived from the larger quantity of their kind
which formed part of the intrusive mass and that they were deposited by solutions
that passed from the monzonite into the inclosing strata. The hmestones were
most susceptible to mineralogical alterations and accordingly reccived by far the
greater amount of the added minerals.

ALTERATIONS OF QUARTZITE.

The chief alteration in the Bingham quartzite was a silicification of the sand-
stone into quartzi‘gé. Much of this was the result of contact metamorphism by
the monzonite. Not all was of this kind, however, for some of the later mineralizing
solutions silicified the deposits through which they passed. Morcover, the sandy
strata were silicified into quartzites far beyond the region of the monzonite intrusion.
However, the greater prominence of the silicification near the monzonite shows that
much of it was due to the presence of the intrusive bodies.

In the quartzites the result of the process was to recement the original sand
grains by a matrix of new quartz. This was so thorough that a fracture of the rock
passes through the quartz grains, instead of around them m the matrix. A glassy
or vitreous aspect was also produced in many portions of the rock. Under the
microscope the original grains of quartz sand, surrounded by the interlocking growth
of new quartz, can readily be seen. That part of the sihcification which can be
attributed to contact action near the porphyry may have been p_roduced by means
of heated solutions or vapors. In areas remote from the porphyry no such local’
cause can be assigned. The phenomena are broad and general and due to an equally
widespread cause. Such could have been only the general circulation of under-
ground waters. These may have been slightly acidified near bodies of sulphides
and thus have taken up silica in solution without great increase of temperature.

Other changes of mineral composition accomplished by aqueous solutions are
exhibited in the metalliferous deposits. These are considered at length in succeed-
ing chapters. They eonsist in the main of sulphides carrying copper and gold.
Most of the early exploitations were for gold. The importance and the amount of
these ores in the quartzites is very much less than those of similar ores in the lime-
stone formations.

Where the dissolving waters come in contact with mineral deposits and pass
upward, some of the mineral contents are redeposited from the solutions, most com-
monly as oxides and carbonates. The iron oxide and hydrate in pariicular recement
the fragments of the quartzite (sece P1. X1V, A), whether they were produced as l[ault
brececias or by the weathering of the rock. Instances of these recemented breceias
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are everywhere to be seen. Pl XIII is reproduced from a photograph of a charac-
teristic outerop south of Old Jordan mine. Since the faults that produced the
breccias entirely separated the rock masses, and extend vertically to considerable
depths, they are the most direct and continuous planes between the surface and
the interior, and thus form natural channels for the passage of solutions. The
more or less open nature of the breccias themsclves also would facilitate such passage.
In the above illustration the vertical nature of the channels appears in the vertical
cemented mass. The faults have a tendency to parallelism in the same region, so
that the lines of recemented breccias follow rudely parallel courses. This is plainly
to be seen at the heads of the gulches south of Old Jordan.

A somewhat similar structure appears in the various foot walls which under-
lie the limestone beds. In these situations the passage of the underground waters
was guided by differences in the texturc of the rocks themselves. The frequent
mineral deposits in the limestones furnished ready material for deposition in the
quartzites near the surface. Accordingly the foot walls stand out in more or less
continuous and conspicuous ledges instead of breaking down by weathering
along the joints. In Pl. XLIV, from a photograph of the foot wall at the Brooklyn
mine, an average example is shown. Some of the foot walls on Carr Fork are more
conspicuous than this, while, on the other hand, many foot walls are no more
prominent than other portions of the quartzite. In certain places the hanging
wall received the recementing material instead of the foot wall, and thus became
the prominent layer.

) ‘ ALTERATIONS OF LIMESTONE.

Alterations in the limestones may be grouped into three main classes: (1) Recrys-
tallization of existing materials in the limestone; (2) silicification of the limestone
with a corresponding loss of ime; (3) removal of carbonate of lime and substitution
of other minerals, chiefly sulphides. . The alterations that fall into classes 2 and 3
are alike the results of chemical removal and replacement, but their products differ
so much in appearance and value that they arc separately classed. The direct
cause of alterations of classes 1 and 2 by the monzonite contacts is very clear upon
the ground. In no case is the alteration noticeable for more than 300 yards away
from an area of the monzonite, and even there the alteration apparent at the surface
may have been due to monzonite under ground and nearer than any which shows
at the surface. This is especially true of the,silicification of the limestone and of
its recrystallization into marble. The ore bodies produced by alterations that fall
in class 3 exist at greater distances from the visible igneogls bodies. For this and
other reasons already given a somewhat different and later genesis may well be
assigned to them. Their derivation from the monzonite seems clear, however.
Joints and fissures, which afford the opportunities for mineralizing agents to pass,
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are everywhere very common, but the mineralized regions adjoin the monzonites.
1If the source of the new minerals lay elsewhere than in the igneous rock the deposits
of them would also be found remote from it. Since, therefore, the monzonite is
intersected by joints and fissures and contains in itself the minerals which reappeat
in the ore deposits the origin of the ores seems reasonably certain.

The recrystallization of the calcareous matter produced marble from lime-
stone. The marble is marked by a somewhat coarser grain than the limestone,
although it is rather fine grained for that class of rock. The alteration is also
attended by more or less change in color. The colors now found are ysually white,
and are In all cases lighter than those of the original Iimestone. Rarely a blue color
is evenly distributed through the rock. Other colors, in the form of dark blue or
gray bands alternating with white, are seen in some localities (see Pl. XXVIII, 4).-
The bands follow the original bedding planes, but their cause is not apparent.
These bands are usually about an inch wide, the light and the dark areas being
of about equal width. A modification of this form consists of a series of
more or less round white spots lying in dark or bluish areas (see Pl. XV, A)
A third and exceptional variety of banding appears in finely crinkled white and
dark-blue layers about a quarter of an inch in width (see P1. XV, B). This arrange-
ment has no apparent connection with the stratification. A fourth variety of
coloring, often seen in the more siliceous marbles, consists of a series of spheroidal
spots; an inch or less in diameter (see Pl. VII, (). These are thickly scattered
through the mass of the marble, but are not connected with any original structure.
The spots are apparently feldspathic and shightly more siliceous than the body
of the marble, and usually have one or more grains of pyrite at their centers. Since
the spots appear to<be limited to the weathered outcrops of the limestone, they
seem to have been produced by recent chemical reactions around the pyrite grains.

Of a nature intermediate. between calcareous recrystallization -and silici-
fication is the formation of serpentine. This mineral is limited to the entirely
marbleized limestones and appears partly as thin coatings in seams and partly
disseminated through the marble. It probably represents the concentration of
magnesia from the original rock and its-union with the secondary silica. The
amount, of chemically combined water in it shows that free water was circulating
at the time of its formation. )

The alterations of the second great class that have occurred in the limestone
have been accomplished by silicification. This took place by solution of a portion
of the lime and its replacement by silica. Like the recrystallization of the hme-
stone, its silicification is most prominent near bodies of intrusive monzgnite. The
relation is so close and so prevalent that there is little doubt that the monzonite
itself was the cause of the alteration. Whether silicification took placc as the
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direct effect of the heat of the igneous mass, or as a result of currents or vapors
arising from it, can not be stated. It is not likely, however, that the direct
diffusion of heat was the cause, for, while this might have recrystallized existing
minerals in the limestone, it could hardly have added new constituents, like the
silica. Nor do observed -contact alterations due to heat alone extend far since
rocks are poor and slow conductors of heat.

Chemical reactions are vastly facilitated and increased by heat, which may
be applied either by direct diffusion or by circulating waters or gases. Since the
process of silicification was connected with the intrusion of the monzonite, it must
have been caused eitlier directly or indirectly by its heat, or by the pressure of
its intrusion, which would of itself produce heat. The latter agent is also most
efficient in increasing chemical reactions. When the monzonite was forced into
the other rocks, a tremendous pressure was exerted. This was not limited to the
contacts, however, but was transmitted through the body of the rock for distances
immensely greater than those which lLimit the alterations. Since the observed
eflects were due to neither the direct heat nor the pressure alone, they must be
assigned to the heat indirectly applied through solutions or vapors. These con-
veyed the heat from the mass of the monzonite into the adjoining rocks, either agent
being competent to produce the results observed. The agency which requires
the least extreme suppositions is the circulating water. Nevertheless, it is readily
to be understood that the heat of the monzonite would be sufficient to cause exten-
sive vapors to be given out. - ' 1 A

The substitution of silica for the carbonate of calcium produced many dis-
tinet forms of rock. Commonly there has been a uniform addition of microscopic
particles which did not greatly alter the appearance of the rock. A product of
such a process appears in many of the white siliceous marbles, which at first sight
seem to have been an original deposit intermediate between limestone and quartzite.
Of this kind are some of the marbles south of the Dalton and Lark mine. Produects
of the same kind, but more extreme, appear in this formation near the Brooklyn
mine, and also in a number of small beds of limestone in the vicinity of Yosemite
Gulch. In the latter cases the substitution of the silica is nearly complete. It
is possible that the removal of the lime was greater in amount than the addition
of silica. That would account for the notable thinning of the formation around
the Brooklyn mine. On the other hand, in the case of the smaller limestone beds
in the Bingham quartzite in the Yosemite and adjacent gulches, there is no con-
siderable variation in thickness, and yet the lime is entirely replaced by silica.
These wholly silicified beds have a texture precisely like the limestones, and the
coloring matter seems to have been preserved. The blue color is usually darker
than in the unaltered limestones, and in fact is frequently so intensified as to become
practicnlljr black.
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Silicification was active in the original siliceous parts of the formation, the
chert, as well as in the calcareous layers. The unaltered chert, as has been stated,
was black, gray, or black banded. In the altered portions the banding has dis-
appeared. Some of the chert is still black, but most of it has taken on a decided
light color. The precise cause of the change in color is not clear, but is probably
a different optical arrangement of the siliceous matter. The recryscallized stlica
on fracture presents surfaces that are somewhat simooth and waxy as contrasted
with the vitreous surfaces of the original. This is perhaps duc to the extremely
fine grain of the secondary quartz. In some cases a dark colosing matter, perhaps
magnetite, was introduced with the silica. It gives a dark-blue or blackish color
to the chert and appears in spots and urregular patches that grade into the white
or appear in separate areas (see P1. VII, B). Of a similar nature is the red jaspery
chert, in which the -color is produced by exceedingly fine grains of red hematite.
Neither of these varieties of colored chert is common. The jaspery chert seems
to grade into siliceous gossans, in cases where there is an excess of the iron con-
stituent. This gradation is rather apparent than real, however, for the two are of
entirely distinct origin. '

Another form of silicification is the addition of silica in small separate bodies.
The commonest product of this process is the vein quartz found sparingly in the mass
of the limestone. This does not include the quartz that is associated with the
metballiferous minerals. It takes the form of thin seams and veins, a fraction of an
inch in thickness, irregularly disposed through the marble and cutting one another
at various angles. Whether these were produced at the time of the other silicifica-
tion or not is an open question. The'shape taken by the veins suggests that they
were controlled by existing joint planes during their formmation. In that case,
since the joints are much younger than the other structural features of the rock, &
very late date should be assigned to this form of quartz. Of apparently similar origin
are the patches and small masses of quartz which in weathered areas ol the limestone
have the appearance of honeycomb. The quartz in these veins passes in places into
chalcedony, or amorphous silica. '

The third group of alteration products comprises the deposits of metalliferous
minerals which, with various nonmetallic minerals, constitute the ore bodies. The
great majority of these minerals are sulphides, preeminently of iron and copper. The
present activity in this mining district is due to the occurrence of ores of copper.
Associated with these are ores of gold, sﬂveg, and lead, whose exploitation gave the .'
first impefus to this place as a mining camp. These ores are developed in the
limestone, ynartzite, and monzonite ahke, but those of the limestone are more
numerous and of far greater extent. The ore bodies replace the limestone in great,
irregular masses, in lenticular shoots, in beds following the stratification more or

.
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less closely, and in deposits following {issures across the bedding. Betwecn these
types are found various gradations, and one type may join another closely, or one
may be developed from another. From a fissure deposit, for instance, a lens of ore
may extend out along the bedding, or a heavy shoot may thin to a mere streak
lying between beds. In size, the deposits vary from hundreds of feet down to a
few inches. The values of the ore bodies also vary immensely, for some extensive
bodies of pyrite are nearly worthless, while some small bodies have proved to be
exceedingly rich.
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PART IL.—ECONOMIC GEOLOGY.

By J. M. BourwegLL.

INTRODUCTION.
FIELD WORK AND ACKNOWLEDGMENTS.

The following portion of this report includes a narrative of the history and
development of the Bingham district, descriptions of the character and occurrence
of the ores, a discussion of the genesis of the ores, detailed descriptions of all proper-
ties whose workings were accessible at time of visit, and a consideration of placers
and of general commercial applications.

The field observations which formm the basis for this portion, except a fev
supplementary onecs, were made during the season of 1900. Preliminary under-
ground study was carried on during the summer in conncction with arcal mapping,
and the detailed study was accomplished in the fall and winter. Thaus, about the
middle of July, Mr. 8. F. Emnions and the writer made general observations on the
underground geology and ore deposits in all the large properties and in important
smaller ones. During the seccond week in August, on the arrival of Mr. Keith, and
also at the conclusion of his areal work, in the first week in September, before he
_ returned Kast, a few days were devoted to joint preliminary mapping of the under-
ground geology of portions of two large properties and one smaller one. Karly in
October, after completing the arcal mapping, the writer took up the critical detaiied
study of the underground geology and ore deposits of the district, and concluded
that work the second week in Deceinber. During the following year, en route to
work in California, he devoted a portion of July to gathering additional data on
crucial points in areal and underground geolog)r, and in December, 1902, gave a [ew
days to underground photography.

"This investigation, both 1n the field and in the office, has been carried on under
the dircction of Mr.'S. F. Emmons. The benefit of his kuidly supervision, wide
experience, and suggestive criticism is gratefully acknowledg:d. To Mr. Waldemar
Lindgren the writer is also happily indebted for information and helpful.suggestions
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and for valuable experience in the study of copper deposits, gained while assisting
him in 1901, at Morenci, Ariz. ) A

For chemical analyses, mineralogical determinations, assays, and special tests,
thanks are appreciatively given to Dr. W. F. Hillebrand, Dr. E. T. Allen, and Dr.
H. N. Stokes.

The paleontologic studies that were required to determine the ages of the beds
and to correlate members that are economically important have been made by Dr.
G. H. Girty. During the fall of 1900 Doctor Girty also visited this district, made
special collections from important localities, and gave valuable practical suggestions.

Throughout this work the owners, operators, and miners of the district have
manifested courteous good will and extended most cordial cooperation. Admission
was cheerfully granted to every property and all necessary assistance was willingly
rendered. Merc thanks for such generous aid are far inadequate. Though each
interested party thus contributed all that was required, the work was especially facili-
tated by Messrs. A. F. Holden, managing director of the United States Mining Com-
pany, R. H. Channing, manager of the Utah Consolidated (Highland Boy) Mining
Company, Duncan McVichie and H. G. Heffron, manager and treasurer, respectively,
of the Bingham Gold and Copper Company, M. M. Johnson, manager of the Boston
Consolidated Company, and E. A. Wall, owner of the Wall group. Mr. Ellsworth
Daggett, mining engineer, kindly supplied much valuable information about impor-
tant inaccessible properties and early history. The services of mining cxperts,
superintendents, foremen, and other intcrested parties who assisted the writer are
gratefully appreciated. To each and all who have aided in this investigation the
writer gladly gives due thanks and hopes they may recognize with satisfaction their
respective contributions toward the attainment of that common goal, the truth.

GENERAL SKETCH OF ECONOMIC GEOLOGY.

~

The Bingham mining district 1s the leading copper-producing camp in Utah.
It is situated in the north-central part of the State (latitude 112° 9’ N., longitude
40° 32’ W.), in the Oquirrh Mountains, 20 miles southwest of Salt T.ake City (see
fig. 1). The main slopes of the Oquirrhs, rising steeply from elevations of about
5,000 feet on the surrounding desert to elevations of 10,000 feet on the main divide,
are deeply dissected by many narrow, steep-walled canyons. Toward the northern
end of the range is a prominent canyon which follows a crescentic course northeast-
ward across its eastern slope and receives several tributary canyons from the west.
This is Bingham Canyon, which has given the name to the mining district, and its

drainage basin embraces the principal mining localities which constitute the Bing-
ham district.

This district includes an oblong area of about 24 square miles, which extends
from the Jordan Valley on the east across the eastern slope of the range and the



main divide to Pine Canyon on the western slope.
utaries, drains the central and more important portions.
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F1g. 1.—Index map showing situation of Bingham Canyon and area covered by Bingham mining map (Pl. XVI).

next master canyon to the south, and several of its tributaries that extend down

the eastern slope of the range, head within this area.

Pine Canyon, the upper
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portion of Tooele Canyon, on the west slope, also rises in the district. Their slopes
present a very rugged, scantily vegetated surface that rises precipitously from
narrow, partially graded bottoms to steep, ledgy divides. '

The town of Bingham is a settlement having a population of about 2,000
(census of 1900 gives Bingham precinct as 1,872), scattered along the bottom of
Bingham Canyon near its junction with Carr Fork. Upper Bingham, a smaller
settlement, is similarly located in the main canyon about a mile upstream, in the
immediate vicinity of important mines. Other smaller settlements have grown up
about large mines in various parts of the camp. Railway connection with the Rio
Grande Western trunk line is afforded by a branch line, 14 miles in length, that
extends from Bingham to Bingham Junction, 11 miles south of Salt Lake City.
Transportation is thus afforded for supplies from Salt Lake City and for shipping
ore from the mines to the smelters in -Jordan Valley at Bingham Junction and
Murray.

This region has been the center of a complex succession of geological activities -

which have resulted in the deposition of valuable ore bodies. The sedimentary coun-
try rock, which consists of Carboniferous quartzite, including metamorphosed lime-
stone and calcareous shale, has suffered extensive intrusion, intense fissuring, and
partial burial beneath an andesite flow. The ore bodies are centered in the localities
which have undergone the most intense intrusion and fissuring. Outside the limits
of the comparatively small area that is characterized by the combined effects of these
several activities ore deposits have not been found. The ore-bearing limestones,

which average about 200 feet in thickness, lie in the lower half of the great quartzite.
" The intercalated beds of calcareops shale, sometimes several hundred feet thick,
. in which the fissures carry rich ores, are restricted to the upper half. In general
the entire section, aggregating several -thousand feet in thickness, dips northward
and strikes northeast-southwest. This strike is not constant, however, but turns

gradually from an east-west course on the western slope to a north-south course on

the eastern. The area occupied by this district thus lies in a shallow, flaring trough,
or synclinal basin, that pitches northward. This basin is limited on the west by
an anticline which crosses Tooele Canyon a few miles above its mouth, and on the
east by a steep upturn below Dry Fork. ' |

This general succession and structure hag been interrupted, particularly in the
geologically lower portion, by many irregular dikes and sills of porphyry, by lacco-

lithic masses of monzonite, and by several systems of persistent fissures (see Pl. IT).

Two extensive areas of monzonite occur in the center of the camp, one at Upper
"Bingham, in the form of an irregular laccolith, the other at the head of Bingham
Canyon and Muddy Fork, in the form of a broad, irregular stock. The porphyry
dikes and sills occur on the east and west of these masses. The andesite outcrops

~
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only along the eastern slope of the range, where it appears to be an extensive flow,
.burying an old topography carved in the sediments and probably in the intrusives.
After the epoch of igneous intrusion intense fracturing and fissuring occurred
throughout the district at several distinet periods. Dominant fissures and fracture
zones, which include the principal bodiés of lead "and silver ore, trend northeast-
southwest. Distinctly later ones of secondary importance trend northwest-
southeast. Numerous minor ones follow intermediate courses, and movement has
recurred In a northeast-southwest direction. The displacements produced are
" frequently of a complex nature, but rarely exceed 150 feet, and are usually less.
This composite country rock has been extensively explored horizontally, the
workings of one property being estimated to aggregate 15 miles, but not to any
considerable depth, only a few shafts having been sunk, and those to comparatively
slight depths. Copper ore has been found in the form of flat lenses in the meta-
morphosed limestones; lead and silver ores occur in fissures in all exposed types
of rocks, and copper, with accessory gold, 1s disseminated m grains through the
monzonite (see Pl. XVTI). ,
The low-grade copper-sulphide ore derived from bodics in limestones forms the
chief product of this district, amounting to a daily output of approximately 2,000
stons, and is produced almost entirely by five great consolidated properties. These are
located upon a belt of metamorphosed limestones which follows a general northeast-
southwest course, with a northerly dip, from West Mountain eastward through
the district, and disappears on the east beneath an andesite flow. Its uppe; nem-
bers, including the Highland Doy limestone, have been breached by Carr and
Muddy forks, and its two lower members, the Jordan and Commercial limestones,
have been deeply cut by upper Bingham Canyon, Bear Gulch, and, on the eastern
slope, by Yosemite and Keystone gulches. Thus favorably exposed they have
been extensively explored by tunnels driven along their strikes from suitable
-points on their outcrops on the canyon walls. On the north slope of Carr Fork
a series of seveén strike tunnels on Highland Boy'ground has revealed large lenticular
bodies -of pyritic copper ore in fissured marble adjacent to intrusives. The No. 1
shoot in this mine is not only the largest ore body yet opened in Bingham, but is
one of the largest single bodies of copper-iron ore in the world that are known to
have been deposited by replacement. Similar occurrences have been found a short
distance west of this mine, on the Boston Consolidated and Yampa properties.
In upper Binghham Canyon the lower or Jordan limestone has been explored through
the Old Jordan, Story, and Niagara mines, and the upper or Commercial limestone
through the Commercial, Northern ILight, and Colorado mines. In Bear Gulch the
Jordan limestone has been explored on the Telegraph ground by long strike tunnels
driven from its outcrops on either wall of the canyon. The Commercial limestone
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has been cut out here by intrusives. On the eastern slope of the range the ore
bodies in these members have been exploited in the Brooklyn, Yosemite, and
Dalton and Lark group. .

In these localities each of these metamorphosed limestones contains lenses of -
valuable copper ore that lie at different elevations within the limestone, roughly
parallel to the bedding, adjacent to fissures and intrusives. The ores which make
up these lenses yield copper with accessory gold and sitver. The richer ores occur
within a distinet zone of sulphide enrichment and are composed chiefly of chal-
cocite, black oxides of copper, chalcopyrite, and pyrite with a siliceous gangue.
In some of them tellurium is, associated with the black sulphide, in one instance in
considerable amount, with proportionately high values of gold and silver. The
copper content in the average sulphide ores is low, ranging from 2 to 4} per cent,
with an approximate mean of between 3 and 4 per cent; but the accessory gold,
averaging from 10 cents to $1, and silver, averaging from 2 to 5 ounces, raises the
total value of the ore per ton to a price rangmg from $11 to $15—well above the
commercial limit.

" Persistent fissures which cut these 11mestones the composite igneous and
quartzite country rock immediately south, and calcareous shales intercalated with
quartzites to the north, yield rich argentiferous lead ores. These form only a minor
portion of the total output from this camp. In upper Bingham Canyon the Galena,
Neptune, Ashland, Silver Shield, and several other fissures have been profitably
worked. In Muddy Fork the Last Chance, Nast, Ferguson, and Phoenix; in
Markham Gulch the Montezuma and Juha Dean, and in lower Bingham Canyon
the Winamuck have also yielded profits. A majority of the productive lodes trend
northeast-southwest and dip northwest. Both simple fissures and fracture zones
cut all rock types indiscriminately, and the included veins and lodes continue
from one type to another, usually enlarging notably between limestone walls.
These ores are-composed mainly of galena, some tetrahedrite, chalcopyrite, zinc
blende, and pyrite, with a gangue’ of quartz, calcite, and some barite and rhodo-
chrosite. Their average content is approximately 45 per cent lead, 65 ounces
silver, small amounts of gold and copper, and 10 to 15 per cent zinc. Zinc blende
has not been successfully saved. Concentration of low-grade pyritic ore in igneous
rock has recently been begun on a large scale at a reported ploﬁt Placer mining,
which was an important industry in the early seventies, 'has _ylelded a total of
about $1,500,000; but, excepting a little intermittent gravel washing each year,
it has been abandoned.



CHAPTER I.
HISTORY AND DEVELOPMENT.c
GENERAL HISTORY.

Mining industry wn Utah.—The development of the mineral resources of Utah,
which are now rapidly increasing in importance, was retarded by the early opposition
of the Church of Latter-Day Saints. On arriving in the Jordan Valley in 1847, only
a year before the discovery of placer gold in California, some of the saints were
strongly tempted to continue their journey westward. The majority, however,
chose to rest their settlement and development on an agricultural basis rather than
to seek sudden wealth in mining. 'This early decision, wise as 1t was at 1ts inception,
and necessary as it was to the maintenance of their people, was adhered to so long
and so strenuously as to react somewhat to their disadvantage before it was revoked
in the carly seventies. ‘‘This opposition and the natural obstacles in the way of
cheap mining, or of an economic reduction of the gencrally rather refractory ores,
acted as an effectual bar to the development, or even the discovery of the mineral
resources of the Territory in its early days.’-

The main factor initiating active prospecting and exploration of mineral
resources was the energy and foresight of Gen. P. E. Connor. In 1862 he was
stationed at Fort Douglas, Salt Lake City, in command of the Third California
Infantry (Volunteers), a regiment largely recruited from experienced California
prospectors and miners. It is said that General Connor believed that the solution
of the Mormon question lay im immigration from outside. Accordingly he
encouraged exploration for mineral in Utah, and freely gave furloughs to his miner
soldiers to enable them to prospect. As a result, mineral was soon discovered at
Bingham Canyon, at a point near the present town of Stockton, in Rush Valley,
in Ophir Canyon, at Lewiston, and at other points in the Oquirrh Range, and in
Little Cottonwood Canyon, in the Wasatch Range. Soon after this start was
made, the opposition of Mormon authorities was removed, railway facilities were
increased, and capital was attracted to Utah.

a A brief sketch of important developments which have occurred since the conelusion of field work and the preparation
of this chapter is given under Addendum, p. 379.

bEmmons, S. F., Economic Geology of the Mercur mining district, Utah; Introduction—The Oquirrh Mountains: Six-
teenth Ann. Rept. U. 8. Geol. Survey, pt. 2, 1895, p. 352,
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- Development has progressed steadily, subject to general commercial conditions,
until to-day the several mining districts, aided by excellent natural conditions, are
bringing Utah into creditable prominernce as a mining State. Ier position is well
indicated by the following table showing the rank of Utah in the actual production
of the several metals at decennial intcrvals:

|
Rank of Utah among States and Territories in production of metals.

Year. Gold. Silver. Copper. | Lead.
_— —— S — F#;_i -
1880, o eiie e SR B e - 8 3 ). I
1890. ... .. e e e e e e e e 211 a3 ... 4
1900 .. . ..ol e et e teeeeeeieaa- «“6 “3 b5 b4
o nn Mint report. bMineral Industry.

The recent growth of the mining industry in Utah has been strong and rapid.
The value of her gold, silver, copper, and lead production in 1900 showed an increase
over that of the preceding year amounting to 24.6 per cent. In 1903 Utah ranked
fourth among the States of the Union in the production of gold and nearly took
the lead in the production of silver.

‘Mining industry in the Ogquirrh Range.—To this production, Mr. S, F. Emmons
has shown that the mines of the Oquirrh Range have contributed largely as follows:

“If Tintic be considered as one of the Oquirrh Mountain districts—and geolog-
ically it undoubtedly should be—the mineral wealth of this range has proved itself
of equal, if not of ‘greater, importance than that of its {far greater neighbor, the
Wasatch Range, and together, at the present day, these furnish over two-thirds of
~ the precious-metal product of the Territory.

. “Tf the metals are considered separately, it is to be noted that the total silver
production of Utah for 1893 was about 6,358,000 ounces, of which the Oquirrh
districts produced 2,707,000 ounces. The total gold production, on the other hand,
for the same period was about 42,000 ounces, of which the Oquirrh districts
produced 38,000 ounces. '

“In estimating the commercial value of this product of gold at $20 per ounce and
silver at 73 cents per ounce the total value of the Oquirrh ores for 1893 was $2,736,100
while that of the ores from the rest of Utah was $2,745,230, so that, considered in
this way, the Oquirrh districts have furnished half the precious-metal product of the
Territory.””¢- '

Mining industry in the Bingham district.—The Bingham Canyon district, in
the West Mountain mining districﬁ, is the most prominent of the producing camps
in the Oquirrh Range. In 1894 it ranked second to Tintic in the total coinage
value of its output of precious metals, and its output of lead was more than double
that of all other camps in the range combined. Since that date large bodies of low-

aE'mmons,'S. I, Beonomie geology of the Mercur minin~ district, Utah; Introduction—The Oquirrh Mountains: Six-
teenth Ann. Rept. U. 8. Geol. Survey, pt.2, 1895, pp. 335, 356.
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grade copper ore have been discovered and the camp has not only maintained its
reputation as a reliable, steady producer of low-grade ore, but has taken the lead
of all camps in Utah in the production of copper.

HISTORY OF BINGHAM DISTRICT @ v

Early conditions.—Little has been recorded about the carliest history of the
Bingham Canyon district. It was a heavily forested wilderness, known only to the
hunter and the more hardy lumbermen and farmers. Red pine abounded, and single
trees often measured 3 feet in diameter. A group of exceptionally sturdy trees,
known as the ‘‘Big Grove,’’ grew on the south slope of the main canyon, nearly
opposite to the present site of the Old Jordan mine. In fact, in the opinion of
Brigham Young and his hardy followers, the chief value of this locality lay in its
timber. And it is said that when two wagon trains passed through Salt Lake in
1864, en route from Des Moines, Towa, to a mining district in Tdaho, with a sawmill
and a stamp mill, the Mormon president entreated the leaders to set up their saw-
mill in Bingham Canyon and promised them a ready market for their output.

Discovery of ore.—Early in the fall of the year 1863, George B. Ogilvie, an
apostate Mormon engaged in farming, found specimens of ‘‘mineral’’ in Bingham
Canyon. He went to Camp Douglas and reported his discovery to the eommanding
general, P. E. Connor. On September 17, 1863, the site of this discovery (see
Pi. XVII) was formally located as the West Jordan claim by the discoverer and 24
others. This was the earlicst mining location in the area now known as Utah.
On the following day, September 18, the Vidette claim was located, about 300 feet
above the West Jordan.

Formation of first mining district.—*‘‘In December following, the first mining
district in the territory was formed and named the ‘West Mountain district.” Tt
embraced the entire extent of the Gquirrh Range from Black Rock, at the southein
end of Great Salt Lake, to the forticth paraliel of latitude, the extreme south end of
the range. * * * On the 11th of June following, at a miners’ meeting held at
the camp, the Rush Valley mining district was formed, embracing all the western
slope of the Oquirrh Range, from its northern to its southern limits, the eastern side,
sloping into Salt Lake Valley, retaining even to this day the original name of ‘West
Mountain distriet.” ’’? _

Thus, as at present recognized, the West Mountain district embraces the
eastern slope of the Oquirrh Range from Black Rock on the north to the Camp
Floyd district on the south, and is limited on the west by the main divide of the

range, and on the east by the Jordan Valley.

aSince the close of ficld work and the preparation of this chapter the mining industry in Bingham has experienced
rapid and important growth. Although this could not be personally investigated, it has been reported to the writer irom
various sources, and the more important events are briefly sketched in the Addendum, nnder the heading ‘‘ Recent devel-
opments.”

b Murphy, J. R., Mineral Resources of the Territory of Utah, 1872, p. 2.

10556—No. 38—05——~6
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Other early locations.—Following these initial movements the locating con-
tinued during the next spring; thus ground adjacent to the original discovéry wag
taken up, as the Galena on January 26, 1864, and the Empire on February 6, 1864.
Other locations made during the same year were the Kingston, in May; the Julia
Dean, on May 22, and the Silver IIill, in July. The last two were located in
Markham Gulch, near its mouth, on the north side, and are indicative of the
growth and extension of the interest in mining. Prospecting and- locating were
actively pursued for some time.

Early development.—In 1864 the West Jordan Mining Company was organized
under the laws of California, and the Jordan tunnel, estimated to cost $60 a foot,
was then started. Prospecting and exploration progressed rapidly, but conditions
were against development on an extensive scale. Although the showing of mineral
was satisfactory, extensive exposures of galena outcropping near the Jordan
discovery, etc., contrary influences appear to have offset these favorable ones.
Without railroad or economical transportation, prices were extravagant; powder
cost $100 a keg; a shovel cost $2.50. So in the face of effectual influences of the
Church of the Latter-Day Saints to prevent its brethren from engaging in mining,
and in the absence ol proper machinery and capital, the development of lode
mines practically ceased unfil the summer of 1870. Under these circumtances,
the main profit is reported to have been reaped by the proprietors of the
““General Merchandise Store,”” which was then located near the present Jordan
cyanide mill. Sufficient ore was taken out, however, to form a basis for further
development.

Revision of miming laws.

In view of the fact that prevailing unfavorable
conditions did not warrant immediate development and that volunteer troops, .
including many of the most active locators, were now to be returned home and
disbanded, it was desired to secure rights to claims until more promising con-
ditions prevailed. Accordingly, ‘‘in the fall of 1865, all the parties owning interests
in the district convened a miners’ meeting and revised their mining laws, so as to
hold over their claims until the advent of the ‘iron horse,” and thus preserve to
themselves the property of which they were the pioneer discoverers.’®

At this meeting ‘‘the by-laws of the district were amended, and power was
given to each locator to hold over his claim indefinitely on the completion of a
specified amount of work. A certificate of the performance of this work was
given by the district recorder, which debarred the ground from being afterwards
located by anyone and preserved it inviolate to the original owners.’’?

These facts, together with the fact that some of these  ‘soldier claims’’ exceeded
the limitations prescribed by the present law, have naturally led to complex and

aMurphy, J. R., Mineral Resources of the Territory of Utah, 1872, p. 15. bqum, p. 3.
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vigorous litigation. In fact, not until very recent years have the titles to some
of these early claims been clearly established.

Discovery of placer gold.—In many mining localities placer gold has led pros-
pectors to its source, the metallic lodes. In Bingham, however, free gold was
not discovered until after the discovery and location of ore in place. It is reported
that a party of old Californians, returning from Montana to pass the winter in
Salt l.ake City, prospected the gravels in Bingham Canyon, in the early part of
the year 1864, and found free gold. In the spring of 1865 gravel washing was
actively taken up, and during the fall extensive lode mining was conducted with
profit. It has been estimated that during the opening period of placer mining
in this district up to 1871 about %1,000,000 in gold was recovered from gravels.
The industry has gradually waned from that date to the present, except during
a few intermittent periods of temporary resumption. o

First shipment of ore—During the period of temporary delay, while conditions
more favorable to lode mining were awaited, ore was shipped from Bingham.
Bancroft® records that ‘‘the first shipment of ore from Utah was a carload of
copper ore from Bingham Canyon, hauled to Umtah, on the Union Pacific, and
forwarded by Walker Brothers to Baltimore in June, 1868.”” The result of this
experiment is not stated.

Improved conditions; renewed activity.—-In 1870 the change in the conditions
which had formerly retarded development in Bingham was most marked. The
Union and Central Pacific railroads, completed May 10, 1869, had been connected
by the Utah Central with Salt Lake City; soon after, in 1873, the railroad to
Bingham was completed. Transportation facilities were thus assured, and mining
machinery, supplies, and output could be handled at rates which would permit
active operations. The early opposition of the Mormon authorities to the entrance
of their followers into mining occupations had gradually ceased. At the time of
early mineral discoveries the church believed that it needed the efforts of all its
saints in agriculture; in reclaiming the desert; in establishing orchards, ranches, and
dairies; in providing water supply; m short, in providing the absolute necessaries
of life. Now, with that accomplished, with the treasury enriched through sales
of their produte to early prospectors, with the prospect of increasing markets,
and with a growing personal interest in the local mining industry, the Latter~-Day
Saints were encouraged to enter mining enterprises. Furthermore, metallurgical
experimments conducted in Salt Lake City resulted in renewed confidence in ability
to treat ores; and, finally, the location and very successful exploitation of the
Emma mine at Alta, in the Little Cottonwood district, in the Wasatch, together
with the discovery of other successful properties in the adjoining regions, gave
substantial inducement to capitalists.

a Baperoft, T1. ., History of Utah, p. 741,
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The combined effect of these favoring influences upon mining interests in
Bingham Canyon was to stimulate location and exploitation. The period of inac-
tivity that followed the location of the Spanish (January 6, 1865), the Winamuck
‘(March 31, 1866), the Yosemite (January 3, 1866), and the Franklin (1866), with
a few less important properties, now gave way to a period of renewed activity, In’
1870 many locations were made, including the Lead mine, Last Chance (October 1),
Queen (September 11), and Hidden Treasure (September). The next year wit-
nessed an increased number, among which were the Orphan Boy (January 29), No-
You-Don’t (March- 3), Rough-and-Ready (March), Eagle Bird (April 28), and
Northern Light (June). Exploitation also progressed substantially. In 1870, after
two years’ development work and the expenditure of $15,000, the placer gold which
lay at the base of the gravels in the main canyon at the mouth of Carr Fork was
successfully worked through a long drain tunnel. Early in the fall of that year
the first really efficient and practical development of the mines of this district was
commenced by Messrs. Bristol & Daggett on the Spanish and Windamuck mines.
A group of mines cdhsisting of about nine claimms, known later, after their sale to an
English company, as the Utah Silver Mining Company, was also ‘successfully oper-
ated. In the summer of 1873 freight companies levied such high rates that ship-
ping was temporarily abandoned, but the success attending the smelting operations
of Messrs. Bristol, Daggett & Buel more than offset this influence.

Epoch of lead mining.—Many bodies of lead ore, mainly carbonate, were opened
and exploited, and on the Jordan and Galena the largest body of low-grade argen-
tiferous lead ore then known in Utah was developed. The principal shipments
were from the West Jordan, Spanish, Jordan, Galena, Neptune, Kempton, and
Yosemite. Although this large and increasing output brought Bingham to the
front as a producer of lead, it was a critical transitional epoch in her history, for
the steady output was exhausting the lead carbonate ore and the problem of reduc-
ing sulphide ore awaited solution. Thus, in 1874, the Winamuck, Neptune, Kemp-
ton, Spanish, and Utah had passed through their carbonate zone into the sulphides
and the Jordan and -Galena were encountering considerable sulphide ore. The
following year the Winamuck smelter shut down.

Epoch of oxidized gold ore.—At several periods the gold remaining in the upper
oxidized portions of the shoots, which formed in the massive limestones, has been
experimentally worked. Late in the seventies and early in the eighties, following
the temporary exhaustion of lead carbonate bodies, special attention was directed
to saving this gold from its siliceous gangue. By the close of 1882 four stamp mills
had been erected, one by the Stewart (20 stamps), one by the Stewart No. 2 (10
stamps), and two by the Jordan (one of 10 stamps, the other of 60 stamps, respec-
tively). Even as late as the middle of the next decade a large stamp mill, with
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cyanide plant, was erected at the Highland Boy mine for the treatment of its oxi-
dized gold ores. Although reports of the successful results of these several mitling
operations were given out, the opinion prevails that the saving was insuflicient
to walrant a continuance of operations.

Continuation of lead mining.—While the carbonate bod1es in the main canyon
were being worked out, extensive shoots of lead carbonate were developed in But-
terfield Canyon. In 1881 the mines of that locality were growing factors, and in
1884 the Brooklyn, Lead, and Yosemite mines, all situated in an area of deep
oxidation, headed the list of Bingham producers. An epoch of successful argen-
tiferous lead mining now ensued and a steady output from the large properties,
augmented by that from a great number of small ones, was maintained until the
early nineties. In 1891 and 1892, among 21 producing mines, the Old Jordan and
Galena, Brooklyn, Highland, Telegraph, York, Petro, and Yosemite were the leading
producers. From 1893 dates the decline of many silver-producing camps. The acts
of the governor-general of India closing the Indian mints to the free coinage of
silver (June 26, 1893) and of the United States Cohgress repealing the clause which
provided for the purchase by the Government of the United States of 4,500,000 fine
ounces of silver a month, naturally dealt a serious blow to the silver-mining
industry and thus to Bingham Canyon.

Epoch of copper minming.—Several alternatives for obtaining profits from the
Bingham mines were tried with varying success. Thus an attempt to apply recent
methods for extracting gold from refractory siliceous ores was made at the Highland
Boy. A few years later the discovery of pay shoots of sulphide copper ore at a
~ time of strong demand for copper and the rise in market value of lead initiated a
new era in the camp. Although sulphide copper ore had been known in Bingham
for many years, it was not until December, 1896, when 5,000 tons were shipped in
the course of developing the Highland Boy property, that it was regarded as com-
mercially valuable. On the. contrary, discovery of copper-sulphide ore is said to
. have been rcgarded hitherto as an unfavorable indication and concealed. Hence-
forth, the value being proved, exploration for copper proceeded actively and has
been rewarded by the discovery of numerous large shoots of low-grade copper ore.

A new problem now confronted mine operators: Could the expense of mining
and reduction be reduced sufficiently to work these low-grade copper ores at a
profit? This has been solved (1) by reducing the expense of mining by consolidating
many small adjoining properties under single management, and (2) by reducing the
expense of reduction by establishing specially adapted modern smelters by indi-
vidual companies. A large number of claims, including the Highland Boy, lying
north of Carr Fork between Sap Gulch and Clhipper Peak, were consolidated and
purchased by the Utah Consolidated Mining Company in 1896. In May, 1899, this
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company corgpleted a smelter of 250 tons daily capacity, which in 1900 was enlafged
to double the original capacity. .In 1897 the Stewart No. 2, with adjacent ¢laims,
a large number of claims in lower Copper Center Gulch, and the 'body of intervening
claims, were purchased and consolidated by the Boston Consolidated Mining®Com-
pany. It is exploring the ground underlying the rich.gold ore bodies of the Stewart
mines, and has conducted thorough experiments upon the copper-bearing porphyries
of Copper Center Gulch. In March, 1899, the Old Jordan and Galena, Utah, Niagara
(Spanish), and Old Telegraph mines, with intervening claims, were consolidated as
the United States Mining Company. The search for copper ore on these properties
has met with gratifying success, and plans have been drawn up and proposals are
now under consideration for the erection of a smelter at Bingham Junction. At
about the same time the Commercial and adjoining claims to the northeast were
consolidated as the Bingham Gold and Copper Mining Company. The property
was thoroughly explored underground from Bingham Gulch to Copper Center Gulch.
Large bodies of copper sulphide ore were proved, and a smelter has been erected.

PROCESSES OF MINING. P

In the Bingham district mineral has been found to be widely distributed, in
low values, and often in very favorable locations. Until recently it has been
worked on a small scale by a large number of separate partics, hence Bingham

has been known as the ¢

1)

‘poor man’s camp.”” The fact, however, that miners of
this class have been able to work at a profit has given the camp a reputation for
stecady output and thus attracted outside capital. Accordingly, the history of its
technical development is made up of two chapters, the early period of cheap and
primitive methods practiced on a small scale and the recent period of expensive and
perfected methods practiced on an extensive scale.

In the early development work high prices were a serious drawback. When
powder cost $100 a keg and a shovel cost $2.50, the expense of driving the original
Jordan tunnel was $60 a foot. To-day, although prices are lower and methods
improved, extent and depth are counterbaléncing factors of growing importance.

" Methods of exploration.—The method of exploring for ore bodies differs according
to their manner of occurrence, whether in beds or fissures. Ore-bearing beds have
been opened in two Wiys: (1).By series of tunnels driven along the strike from
points at different levels on the outcrop, with crosscuts to prove horizontal extent
and inclines on the dip to prove extent in depth, or (2) by inclined shafts sunk .
from the surface and lateral drifts driven at regular intervals in descent. The former
offers advantages in accessibility, operation, and drainage, and is regularly adopted
when the lode is suitably intérsected by a gulch. The workings of the Highland
Boy, Old Jordan, and Old Telegraph mines have been run in this general manner,
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though they differ in one respect. The connections in the Highland Boy are vertical
winzes n the foot wall; those in th- other two mines are usually wnclines on the
foot wall. The method of sinking on an ore-bearing bed, though more expensive
and more inconvenient for operation and drainage, is adopted of neccessity when
exploration passes below the lowest surface drainage. It has been followed in
the Brooklyn, Yosemite, Yosemite No. 2, and Dalton and Lark. Ore-bearing
fissures have been opened in a similar manner. When the fissure is very steeply
inclined ~as many in this district are, the tunnels or drifts, as the case may be, lie
in the samé vertical plane above and below one another and are connected by
winzes in the lode. The method of opening an inclined fissure cut obliquely by
a gulch is exhibited in the Winamuck; and that of a vertical fissure truncated
transversely by a gulch, in the Jersey Blue. No clear case of sinking on a fissure
~similar to that of sinking on a bed, as in the Yosemite and Brooklyn, was noted.

These methods, it may be said, have passed through two stages into a third.
At first very conservative tunneling and some sinking was all that was attempted.
As the surface ores became exhausted, workings were sunk deeper and deeper, untit
* they were level with the lowest outlet tunnel to the surface. Tiastly, short inclines
and vertical shafts have been sunk below the outlet level and pumping has been
commenced. This third stage has barely ‘begun, however, and development in
Bingham may still be considered shallow. The limit of this cheap method is nearly’
reached and the problem of deep mining confronts Bingham operators. Ilustrative
of the tunnel status, in which no working extends below the lowest tunnel level, the
Butterfield tunnel (8,766 feet in length), the Queen tunnel (2,750 feet long), and the
Highland Boy, Last Chance, and -Nast mines may be cited. The initiation of
deep mining is seen in the Brooklyn incline (1,450 feet); in the Yosemite and the
Dalton and Lark (800 fect): in the Old Jordan, where the Jordan incline extends
below the drain level to the 400- and 500-foot levels; in the Silver Shield, where a
vertical shaft extends 110 fcet below the tunnel level; and in the Montezuma,
where a shaft extends about 100 feet below the lowest tunnel outlet. On the
United States Mining Company’s properties the deep-shaft mining will be tempo-
rarily postponed by driving the low Evans tunnel, and could be still longer
deferred by using the Franklin tunnel for a working tunnel. By the scheme.advo-
cated by the projectors of the Bingham tunnel this stage might be still further

delayed by all the large companies.
Methods of working deposits—The methods of mining the ore bodies in Bingham

vary with differences in the mode of occurrence and in the size of the bodies. Those
whose locus is an inclined bed are mined either by direct extension of the face, by
overhead or reverse-step stoping, or by the caving system. Ordinarily the thick-
ness is not great enough to necessitate special timbering, but when it is, square sets
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lave in the past becn introduced. This system was used in the great Lead stope in
the Old Telegraph mine, in the Iron stope in the Old Jordan, and in the three shoots of
the Highland Boy. When the size of a shoot permits, however, the caving system
1s believed to be cheaper. This has been introduced in the Commereial mine and is
proposed for use in the No. 1 shoot of the Highland Boy. The system used at the
Commercial is the same as that which is followed in some iron mines in Michigan
and in Mercur. The inclined ore body is divided into two sides by a medial incline
on the dip extending from highest to lowest levels. Lateral drifts are driven in ore
off from this incline along the strike, and to thie termination of the shoot, at vertical
intervals of 16 feet. From these lateral drifts crdsscut drifts, sized to take a 3-foot
cap In clear and 63-foot leg, are driven to both foot and ha,nging walls. Stoping con-
sists of robbing back on the hanging, and the ore thus dislodged, as well as that derived
from the resulting caving of the hanging, is caught on board floors. Onremoving the
loose ore from below, the intervening slice caves of its own weight and the hanging
waste and former floor come in. The advantages claimed for this system are saving
in timber, in labor, and in ore. Thus 95 to 97 per cent of the ore on the No. 3 sub-
level in the Commercial was reported to have been saved, at a mining cost of 574 cents
a ton. The manager of the Highland Boy states that it i1s expected that the caving
system will effect a saving in the cost of inining in that property of 25 cents a ton.

If the ore occurs in fissures, much depends upon whether pay is evenly or
unevenly distributed. In the former case overhead stoping is resorted to; in
the latter, when the pay is ‘‘pockety,”’ the system of removing the ore is neces-
sarily very irregular. In fissure veins, owing to the fact that they rarély reach
great widths, timbering is usually unnecessary. Ixamples of these stoped-out
arid nontimbered or slightly timbered fissures may be seen in the Winamuck,
Silver Shield, and Montezuma.

Mining wmachinery.—In most of the mines drilling is done by single-man
power. In the larger mines, however, machine drills, single and double, are In
~use. The Highland Boy and Commercial drive their machine driils by steam.
On the United States properties air compressed at the Old Jordan and transmitted
to the Old Jordan, Galena, Niagara, and Telegraph mines is used for the drills.
Shooting is done by match-lighted fuses, except in the Highiand Boy and Com-
mercial mines, where, at points from which retreat is difficult or slow, it is done
by electric batteries. As regards underground transportation, ore is chuted to
the working levels, usually the lowest outlet tunnel, and thence is taken to the
surface in cars for shipment to reduction plants. The cars are propelled by men,
except in the Highland Boy, where they are drawn in trains of ten by mules. It
1s understood that clectrical power is to be used for this purpose in the Comumercial,
Pumping has not yet become a general problem. The Brooklyn, the Yosemite,
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T.ead, Dalton and Lark, Winamuck, and West Mountain placer have encoun-
tered this problem, and the Old Jordan, Silver Shield, and Montezuma are passing
to 1t in a smaller way. The Winamuck and West Mountain placer, after consid-
erable difficulty, solved it by installing powerful Cornish pumps. The last three
properties have found small pumps of a few horsepower sufficient. This must
in the future prove a question of growing importance.

PROCESSES OF REDUCTION.

The processes used for the reduction of Bingham ores have varied with the
variations in the chemical and mineralogical character of the ores. As has been
shown, mining in this camp has developed through several periods, each of which
was determined by a different type of ore; consequently, the development of the
processes of reduction has followed similar periods.

In the early days reduction offered fewer difficulties than at present; then,
ores were mainly carbonates, and, as they lay within the zone ¢f surface enrich-

ment, carried comparatively high values. To-day, exploitation has passed below

this zone of ore, especially adapted to profitable reduction, into deposits of sul-

phides of very low grade. In the intervening period the siliceous gold ores required -

special methods of treatment.

Brieﬁy', the history of reduction processes may be considered under three
heads: The early methods of smelting the carbonate ores; the intervening period
of milling gold ores; and the present period of improved methods of smelting
low-grade copper ores. g

Early smelters.—In 1871 tue first smelter in Bingham Canyon was erected
at the Utah mine. This was stated in 1873 to have proved a failure. The fol-
lowing items are from the report of the superintendent for 1872:

“The cost of each ton of ore smelted is: In fluxes, $6.96; charcoal, $15.80;
labor, $4.27; calcination, $5.30; mining and incidentals, $6; aggregating $38.33
per ton, while the amount produced from each ton of ore smelted was, gross, $43.85,
leaving only $5.52 as net profit on each ton of ore.”

The Winamuck smelter, on the other hand, was most successfully operated
by Messrs. Bristol & Daggett. The expenses were very high, but the losses were
correspondingly low: ) ‘ »

“Charcoal costs (freight and waste included) something over 30 cents a
bushel; iron ore (the pure red hematite, brought from Rawlins, Wyoming Ter-
ritory), $22.50 to $25 per ton; limestone, $7 per ton. Fire bricks are brought
from Golden City, Colorado, or even from Illinois. As the charge of the furnace
consists of about 13 parts ore, 4 parts iron ore, 5 parts limestone, and 6 parts char-
coal, with 2 parts old slags, it will be seen that the Beschickung is highly expensive.

aMurphy, J. R., cited in report of R. W. Raymond: Mineral Resources West of the Rocky Mountains for 1873, p, 254,

o
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In respect of completeness of extraction the works are doing excellently for this
region, the total losses in treatment being 6:4 per cent of the lead and 5.8 per cent
“of the silver contained as per fire assay in the ore.’ ¢

This exceedingly low rate of loss, Mr. Eilers® states, was less than at any
other works in the West, except at Iureka. Mr. Daggett® gives the total cost
of ore per ton, including mining, smelting ($44), freight, sampling, etc., as $89.73
In 1872 the Winamuck works included—
“‘two Piltz furnaces, 14 feet in height from the tuyeres to the feed hole, 31 feet
in diameter at the tuyeres, and 18 inches in thickness of walls. There are six
tuyeres, with 23-inch nozzles. The slag discharge is 10 inches below the tuyeres.

The automatic siphon tap is employed Blast is furnished from the

Root blowers that have been worked up to a pressure of 2 inches of mercury, but
the usual pressure is 1% inches.”’*

About 1873 to 1874, however, the easily reduced carbonates were necarly
worked out on most of the large Binghamm properties, and methods of smelting
had to be altered accordingly.

-

‘‘The carbonate ores, although refractory on account of the large percentage
of quartz, offered no special difficulties in smelting if mixed with the proper fluxes.
It was also possible to smelt a certain amount of sulphuret ore after previous
roasting in heaps, or a partial roasting in the reverberatory furnace, togéther with
carbonate ore, as thereby a saving in iron ore could be effected. When we have
to treat the sulphuret ore alone, we find heap roasting altogether insufficient and
a complete roasting in the reverheratory furnaces too expensive, and besides the
percentage of lead in the sulphuret ore is too low for smelting.’’

At about the same time that the necessity for altering methods of smelting
to suit the sulphide ores arose rich strikes were made in several Western States,
and capital was thus attracted thither. Tt slowly returned, however, and then
followed a period of successful lead mining, encouraged by improved and cheapened
smelter conditions.

" Gold stamp malls.—In the course of continued exploration the superficial
bodies of siliceous gold ores had been encountered in the great limestones. Several
times in the history of the camp attention has been drawn to the desirability of
milling gold ores. In this work in 1882 there were four stamp mills engaged, the
Jordan having one of ten stamps and another of sixty, the Stewart one of twenty,
and the Stewart No. 2, one of ten stamps. The ten-stamp Jordan mill located at
the mine was—

““a steam mill with 500-pound stamps, amalgamated copper-plate riffles, two pans,

one settler, one Ball amalgamator, and some tie boxes for concentration of lead
ores.”’

@ Raymond, R. W., Mineral Resources West of the Rocky Mountains, 1873, pp. 252-253.

b Eilers, A,, Trans. Am. Inst. Min. Eng., vol. 1, pp. 380-395.

c¢Doggett, Ellsworth, Economic results of smeiting in Utah: Am, Inst. Min. Eng., vol. 2, p. 24.
2Raymond, R. W., Mineral Regsources West of the Rocky Mountains, 1873, p. 253.

¢ Raymond, R. W., Mineral Resources West of the Rocky Mountains, 1875, p. 343.
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The sixty-stamp mill was—

“on the Jordan River 2 miles northwest of Sandy. . . . Its fittings consist
of one large engine; two boilers, 45 by 16 feet; two Blake rock breakers, 9 by 15
inches; one pair of Cornish rolls, 30 inches in diameter with 16-inch face, with
chilled steel shells; Tulloch’s self-feeders, sixty 850-pound stamps, single discharge
mortars; and two electric lights.”” @

The Stewart twenty-stamp mill—

“consisted of a 60-horsepower engine; a boiler, 16 feet by 60 inches; a Blake plaster
crusher, 12 by 16 inches; twenty 650-pound and 750-pound stamps, speed 90, drop
from 7 to 9 inches, single discharge; Russia iron No. 6 slot screen; 2 Tulloch and
2 Hendy self-feeders; and aprons with amalgamated copper plates. The capacity
of the mill was about 50 tons per day.”?

The Jordan ore assayed from $150 to $1,500 and, it was claimed, would average
$10 per ton. The average assay value of several hundred tons that were run
through the ten-stamp mill in 1880 was $19.90 gold and $8.40 silver per ton.°

The Stewart mill treated in 1880 over 10,000 tons of ore, which averaged $11
in gold. Cash receipts for bullion produced amounted to $99,267.37. Fineness
of bullion was 0.900 gold, 0.060 silver, and 0.040 copper.

While reports agree that the results from the Jordan and Stewart mills were
unsatisfactory, some state that those from the Commercial gold ore were successful.
The operator, however, admits their fallure. The general cause assigned for the
failure was the loss of the gold in tailings through imperfect amalgamation.
Accordingly, the large mill which was erected in the course of developing the
Highland Boy property was equipped with a cyanide plant. The operator states
that the results were successful but not satisfactory. The failure was attributed
to the extra high percentage of cyanide required to save the gold, and this was
held to be due to the presence of copper. This treatment of the oxidized siliceous
ore from the hill south of the Niagara mill affords the only instance in which
cyaniding is held to have been carried on at a profit.

Leaching operations.—Another experiment directed to more complete saving of
values was conducted by the operators of the Old Telegraph mine. Its object was
to increase savings by ‘‘leaching the so-called silver quartz and the siliceous tailings
produced by the mechanical concentration of a very argentiferous second-class lead

s

ore The following statement regarding the problem, the process, and the

results 1s extracted in full:

“It was admitted that large quantities of so-called ‘silver quartz,’ with at
least 15 to 20 ounces silver per ton, could be taken out of the mine at little expense,
and that this ore, as well as the iron pyrites, could be got down from the mine to
the Jordan River, about 17 miles, by tramway and railroad, for not over $1 per
ton, since years before a rate of $1.25 had been given for second-class ore. Other

aXuntley, D. B., Tenth Census, vol. 13, p. 409. bIdem, p. 417. ¢ldem, p. 409.
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economical features of the plan were the use of the pyrites for making acid, avail- -
ability of salt from Salt Lake, and a very favorable position on the Jordan River.
T am sorry to say that some of these economical advantages having thus far failed
to be realized, the plan has been for the present laid aside, although the technical
results of the experiments were, on the whole, satisfactory. Mr. De la Bouglise has
taken patents for the process.

“From the old tailings, residues of the leaching and concentration made in
1878 to 1880, as above mentioned, not more than 70 per cent, but from some good
silver ore from the mine as much as 95 per cent of the silver could be extracted.

“In these é&xperiments the liquor employed was hot brine, acidulated with
muriatie or sulphuric acid to such an extent as was called for especially by the
little carbonate of lead present in the ore, and by the degree of acidity desired in
the final liquor, ready for the precipitation of the silver. The carbonate of lead
appeared to occasion no inconvenience beyond that of augmenting the consump-
tion of acid, the silver in the carbonate being readily dissolved, and the lead also
passing mostly into solution as chloride. The iron and copper from the ore, passing
into solution, improved the chloridizing and dissolving properties of the liquor.
Some of the gold also goes into solution, which fact, with the coloration of the
liquor, indicates that somehow chlorine is liberated and is active in the process.

“The solubility of the chloride of silver 1s augmented by the presence of some
free acid in the final liquor. But it might happen that such liquor, if further used
~ on a fresh batch of ore in such a way as to neutralize it, would lose its color and
part of the silver previously in solution.

““ As the free acid would cause a large consumption of copper or iron, if these
were used to precipitate the silver, granulated lead-bullion (from the old slag
dumps) was experimented with as a precipitant. In small experiments, where the
surface of the lead was kept clear by strong agitation, most of the silver was readily
precipitated while the solution was losing 1its color, and before any copper began
to precipitate. On a large scale, this operation could probably be conveniently
effected in revolving wooden barrels. Most of the chloride of lead can be easily
separated from the liquor by cooling, and could be reduced to spongy lead by
metallic iron, and used over again as an effective precipitant of the silvér.

“This part of the process needs, however, to be tested by more experiments,
on a larger scale.

“The practical difficulties encountered are mostly of a mechanical nature;
for instance, the difficulty of filtration through the ore and the handling of the
liquor. The most favorable results have been obtained by agitation of the ore
with the liquor, kept'hot with steam, and by subsequent decantation. It is reason-
able to suppose that pumps could be got to handle the liquor satisfactorily, especi-
ally by avoiding the pumping of hot liquor. In the experimental plant built at
West Jordan, near Bingham Junction, to avoid any interruption on account of
pumps, the liquor was carried up and down an inclined plane by the use of a cable
elevator. In this plant, moved by water power, there are agitating tubs of 1,000
to 1,500 pounds capacity, and also smaller ones for testing on 20-pound to 30-pound -
charges. There are also five 750-pound stamps, and one pair of Cornish rolls, for
wet and dry crushing, a few pieces of concentrating apparatus, and one Briickner
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cylinder, 12 feet long by 5 feet 6 inches in diameter. A small acid plant, consisting
of two pyrite burners and a single lead chamber, 50 by 20 by 18 feet, followed by a
lead drum, 40 by 4 by 4 feet, need to be enlarged in order to work economically.” ¢

Present smelters.—At present the reduction problem is twofold: (1) How to
smelt low-grade copper-iron ore at a profit; (2) how to concentrate second- and
third-class lead and copper ore with minimum loss.

The former question is being answered by each of the large companies in
Bingham by erecting private smelters which embody the latest metallurgical and
mechanical improvements, and are in each case especially adapted to treat their own
ores. Thus the Highland Boy, outputting an ore essentially iron and copper, with
low silver, gold, and lead values, no zine, and a calcareous and siliceous gangue, has
erected a reverberatory smelter for normal matte smelting. 1ts very complete and
efficient equipment includessampler, assay office, furnaces, converter, power plant,and
machine, blacksmith, and carpenter shops. The sampler plant comprises a Blake
crusher, a belt conveyor, a revolving screen, a pair of rolls (15 by 26) ; and a sampling
device. The furnaces include three Wethey-Holtoff roasting furnaces, each of 75
to 80 tons daily capacity; eight MacDougall roasting furnaces, each of 40 to 50 tons
daily capacity; and seven reverberatory furnaces, each of 70 tons capacity. In the
three converter stalls gylindrical converters, 68 by 96 inches, are used. The power
plant, in which all power required at the works is generated, includes a 250 kilowatt
Westinghouse generator, one Nordberg compound condensing engine, one com-
pound blowing engine for converters, and three 250-horsepower locomotive fire-box
boilers. The coal bunkers have a capactty of 2,000 tons, and the storage ore bins
will hold 2,500 tons. The main structure, 377 by 74 feet, is of corrugated iron,
with crane track for handling converters extending entire length, and its stack is
15 by 200. All transportation is effected by ground and elevated electric tram.

At time of visit about 500 tons crude ore were smelted daily at this plant. The
ore treated contains normally about 30 per cent silica, 30 per cent iron, and 30 per
cent sulphur, and only when silica runs extra high is lime added. Coke is not used
for flux; but in the Wethey furnace coal is used, and in the MacDougall the sulphur
of the ore suffices. The copper matte produced caries 35 to 40 per cent copper
and a small percentage of gold and silver. The bullion produced {from the converters
is stated to carry 99.1 per cent copper. _

This plant is noteworthy for its completeness, its convenience of arrangement,
its economy of heat and labor, and its general efficiency. It comprises many
features that deserve special mention, but the province of this report will not
permit a description of these. It must suffice to cite an illustration or two. Thus,
lack of sufficient water is partially remedied by taking water at 160° from the

e Lavagnino, G., The Old Telegraph mine: Trans. Am, Inst. Min. Eng., vol. 16, pp. 31-32,
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furnace to a cooling tower, whence it is passed by gravity over a series of slats
and thus reduced to 80° with a loss of only 10 per cent of the water. Again, heat
15 conserved by charging the reverberatories with calcine while it is still at red
heat. Among many features by which economy of labor is effected may be men-
tioned clectric transportation; for example, a single man handles all ore supplied
to the furnaces; and there are automatic stokers, automatic blowing engines for
converters, and an electric traveling crane (30-ton) for handling converters.

The Bingham Copper and Gold Mining Company, owner of the Commercial
mine, has erected its smelter at Bingham Junction. The Commercial ore is essen-
tially a copper sulphide with some gold, no zinc nor lead, and a siliceous, calcareous
gangue. Inasmuch as lead has not been found in this ore up to date of building,
a semipyritic process of smelting has been adopted. The main building is a steel
and iron structure, 400 by 175 feet in -areal diménsions, and is floored with steel
and concrete. The plant includes a sampler, furnaces, and power plant. The
sampler, comprising the usual outfit, has a capacity of 50 tons in ten hours. Up to
time of visit—six months after the smelter had gone into commission—matte was
refined in part by the United Metals Company and in part at the Highland Boy
smelter. Contracts were then let for a converter plant at this property, to have
a capacity of 1,500,000 pounds of blister copper a month. The three rectangular
blast furnaces have a daily capacity of 225 tons each, and were especially designed
for this plant with a view to utilizing the sulphur contained in the ore for fuel as
fully as possible. An effective system of dust flues and chambers, 145 feet long,
connects the furnace with the main stack, which is 220 feet high. Power for the
blowers for the furnaces is transmitted from the Utah Lighting Company’s plant in
Little Cottonwood Canyon by three 75-horsepower motors.

The siliceous ores carrying the copper and iron sulphides are smelted raw
without roasting. About 7 per cent of coke with lime is used in an average charge.
A concentration of about 10 into 1 yields a matte carrying 35 per cent copper and
some gold and silver. The average recovery effected is stated to be about 97 per
cent. The slag losses by this method are considered to be lower than tliose by the
reverberatory process, but as reported the copper, silver, and gold contents in the
slags of the Commercial and Highland Boy smelters are approximately equal.

The system of ventilation has been so highly perfected that even on the charg-
ing floor, immediately beside the furnaces, smoke and gas were not noticeable.
The feature of particular interest at this smelter, however, is its so-called pyritic
type: The designer of the furnaces and superintendent of plant states that although
the sulphur included in the ore is utilized as far as practicable, the process as here
practiced is not true pyritic smelting, since a hot blast without carbonaceous fuel
is not employed. The process adopted might more properly be termed ‘‘raw
smelting.”’
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At date of writing plans have been drawn up and proposals made by the United
States Mining Company to erect a third large copper smelter at Bingham Junction. ¢

The reduction of the lead output from this district has been effected at the
old Germania works, owned by the American Smelting and Refining Company at
Murray. An extensive new plant is now in process of construction near the old
plant. Itis to be a metal structure to be built at an estimated cost of $1,000,000.

Concentration malls.*—The more efficient concentration of low-grade Bingham
ores is a pressing problem. A number of mills situated immediately in the
district are running on Bingham ore, but none are extensive; only one is modern
and the others are somewhat limited in capacity and efficicncy. The Bemis and the
Rogers mills, both located in Bingham Canyon, do custom work on percentage.
The Shawmut mill, near the mouth of Carr Fork, treats only the product of the-
Shawmut Mining Company. The Fortune mill was running at intervals during
the summer of 1900 on ores from the mines of that company. Some concentrating
by hand jig was done for a short time in 1900 by the Silver Shield Mining
Company. Experiments in concentration were made by the United States Mining
Company at the Jordan mill during the summer of 1900; also by the Boston Con-
solidated Mining Company at the Dewey mill, just before it was destroyed by fire in
the fall of 1900. At the Queen tunnel a ten-stamp mill, with concentrating and
possibly cyanide plant, was in proéess of erection. B

The Bemis concentrating mill, which does much of the custom work of the
district, is equipped with one Blake crusher, 9 by 15; one smooth-faced roll, 16 by 17;
one smooth-faced roll, 12 by 20; four jigs (special design); 2 Wilfley tables, and
a sizer. It was built in 1898 for treating low-grade copper ores, and has a capacity
of 5 tons per hour. 1In 1900, 14,000 tons of ore were concentrated. The price
charged 1s $1 a ton.

The Rogers mill, at Upper Bingham, is smaller, and during 1900, was running
fairly steadily on leasers’ ore. It is equipped with 5 stamps of 650 pounds each,
2 revolving screens of 8 and 16 mesh, 3 jigs, 2 Wilfley tables, and a hydraulic sizer.
Both copper and lead ores are treated. The capacity averages 20 to 25 tons in
eight hours, but varies with the hardness, ranging from 10 to 30 tons. In 1900,
during 250 days, 5,500 tons of ore were concentrated.

The Shawmut mill is situated on the property of that name on the north slope
of Carr Fork, just above its mouth. It is equipped with 1 Gates rock breaker, 2
pairs smooth Davis rolls, 7 Hartz jigs, 1 Chilian mill, 4 sets cylindrical screens 4 to
12 mesh, and 4 Wilfley tables. Power for a 60-horsepower dynamo is -obtained
from the Telluride Power Company.\ At time of vistt 30 to 35 tons of low-grade

a A brief description of this smelter and of additional features in smélting Bingham ores is given under the heading
*Recent developments,’’ p. 383.
b For a brief statement on a new mill for the concentration of Bingham ore, see ** Recent developments,” p. 383.
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pyritic copper ore were being run through in each eight-hour day. The plant is
cquipped, however, to treat 100 tons a day.

The Butterfield mill was still in process of construction during the field season.
It was to be supplied with cxtra heavy rolls to do fine crushing. Owing to the
peculiar character of the ore, it is expected that some experimentation will be
required beforc a satisfactory treatment is attained.

The low. grade of Bingham ores opens a good field for concentrators. Their
composite character, however, renders it difficult to make high saving and clean
tailings. Nevertheless it would seem that the low but constant tenor of copper and
gold in the mineralized porphyries and the high zinc values in ore from a number
of fissure veins deserve most thorough mill tests.

The advance in methods of mining, milling, and reduction is well indicated by
the lower and lower grades of ore which can be handled at a profit. Thus an expe-
rienced mining manager states that in the seventies the ore mined and reduced is
said to have carried about $80, and that containing below $40 to $50 a ton was
considered to be too low grade tosave. In the early nineties methods had been so
far improved as to enable the successful handling 'of $20 ore and, in favorable
instances, of $16 ore. At present, with recent improvements in mining, trans-
portation, and smelting, ore carrying values of $8 to $9 is worked, and under
certain conditions a saving may be made on $6 ore.

PRODUCTION.®

In the fall of 1900 the general condition of the mining industry in Bingham
was steadily growing better. Although the camp had.not reached the state of
activity that was enjoyed in early times preceding recent difliculties, it was feeling
the effect of the successful explorations conducted by the large consolidated interests
for bodies of low-grade copper ore. Processes for cheaper treatment and reduction
had been perfccted and private smelters erected. Large mihes located on massive
limestones were either shipping copper ore or were prepared to do so. Many prop-
ertics operating lead sulphide ore in fissures—as the Silver Shield, Petro, Montezuma,
- Nast, and Last Chance—were induced to ship steadily by the rise in the price of
lead. During the year 1900 ore was shipped from the following properties: Silver
Shield, Montezuma, Petro, Nast, Last Chance, Fortune, Neptune, Shawmut, Julia,
Dean, Butterfield, Erie, Zelnora, Burning Moscow, United States (leases), Boston
Consolidated, Dalton and Lark, Bingham Gold and Copper, Columbia, Ashland,
Phoenix, Red Wing, Dixon, York, Caledonia, Frisco, Dana and Agnes, Midland,
Greeley, Albino, St. Joe, and Louise S.

a Additional figures, showing a great increase in production during late years, are given in the Addendum.
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The output of the Bingham mines during the year 1900 reached a total of
101,132 tons of ore, which were shipped as follows:

Shipmenis of ore from Bingham mining district during 1900, by months.

Tons.

JAMUATY . L Lo 8,438
February. .. ... ... ... . .. ... G 7,239
March. .. e 8,138
B N | 7,263
I 9,715
JUDC. il D 8, 358
JUly. il 6,805
X 7 ] O 7,363
September. . .. ... 8,228
October. - ... e 8,578
NoOvember. . o L. e e 10, 603
December. ...l 10, 404
TOAL - - e oo e e e e e e e 101,132

The reports on Mineral Resources West of the Rocky Mountams and of the
Director of the United States Mint present the most complete data on the known
production obtainable:

Enown production of the Bingham mining duistrict, 1870-1900.

Year. Gold Silver. Lead Copper. | Year. Gold. Silver. Lead. Copper.

Ounces. Qunces. Tons Pounds Ounces. Ounces. Tons Pounds.
1870 | 48,374 || 1887 | 4,400 600,000 |........|..........
1871 4,837 | oo 1888 3, 500 483,000 |........ e
1872 | 203,536 | 1,383 .0 .._....| 18%9 4,705 561,280 |oemeeen |
1873 1,306 o coeooe e , 1890 4,037 450,990 |..o ool
1874 4,111 416, 920 5 il 1891 6, 564 750,500 (... .| ...
1875 1,450 |............ 13,500 | ......... 1892 4,644 605,806 |........| ... ...
1876 |o oo 1893 8,000 650,000 | ... ... ...
) A S T I SO 1894 | 11,000 650,000 ... .| .........
 2vg -3 N N RN PO 1895 | 10,0060 700,000 | ..ol ...
IB79 [ oo e e 1896 8, 000 610,000 | ... ... e
1880 5, 993 4,878 oo e 1897 7,200 500,000 {... .. .. ) .
1881 4,317 |, U 1898 9,000 350,000 |..... ..
1882 3, 386 433,134 ... ..o ... 1899 | - 8,611 201,801 | 1,160 | 4,145,028
1883 3,173 439,081 | ..., 1900 | 12,226 238,267 | 2,130 | 6,196,660
1884 5, 000 472,666 | ..o |- ... ' -
g 5000 | 1,350,000 |0l Total.| 193,835 | 11,472,849 | 18,823 | 10, 341,688
1886 5, 000 800,000 |.....o. oo .

10556—No. 38—05——7
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Reference to the above table giving known production reveals the omission of
several unknown amounts. Thus, exact figures could not be found for the gold
output for the years 18761879, inclusive, and for 1881; for the silver output for
the years 1875-1879 and 1881, nor for the output of copper and lead up to 1899.
The values of each of these products for these periods have been approximated as
closely as possible by means of the available data. The valuesof the known products
‘given in the above table have been figured on the values current for each metal in
1900, as follows: Gold, $20.67 (coinage value); silver, 62 cents (average for 1900);
copper, 16.5 cents (New York rparket); lead, 4.4 cents per pound. The production
shown in the table, when at these values, gives an aggregate value for -the approxi-
mate total oﬁtput from Bingham to 1900 of $20,745,575—in round numbers
$21,000,000. :

SUMMARY OF HISTORY OF THE DISTRICT.

A chronological summary of the history of the district is given in the following
table:

Important events i the history of the Bingham mining disirict.

1863 (September 17). The West Jordan claim located by G. B. Ogilvie; first recorded mining location in Utah.

1863 (December). West Mountain mimng district organized; first mining district in Utah.

1864. DPlacer gold discovered.

1864 (January). (alena claim located.

1864 (May). Vidette claim located; first property to show copper.

1864 (summer). West Jordan Mining Company incorporated under the laws of California.

1864 (July). Columbia claim located.

1865. Spanish claim located.

1866 (January 3). Yosemite located.

1866 (March 31). Winamuck discovered by Mormon farmers.

1868 (June). First shipment of ore from Utah (copper ore from Kingston (?) clalm)

1870 (October 1). Last Chance claim located.

1871. Utah smelter built. Winamuck smelter built.

1871 (March 3). No-You-Don'’t claim located by T. H. B. Jones.

1873 (June 6). Montreal claim located by four prospectors. (Original locations on Telegraph lode were No-
You-Don't, Montreal, Nez Percés Chief.)

1873 (June 29). Nez Percés Chief claim located by R. Godfrey.

1873. Highland Boy claim located by James W. Campbell.

1873 (December). Bingham Canyon (narrow gauge) Railroad completed.

1874. Carbonates penetrated and sulpliides entered in principal mines.

1874. Concentration works erected; first in Utah.

1877. Leaching works erected.

1881-1889. Butterfield Canyon mines prominent as producers of lead ore.

1896 (December). Discovery of paying copper ore in Highland Boy mine. Initiation of activity in copper
mining.

1896. Utah Consolidated Mining Company (Highland Boy) orgamzed

1897. Boston Consolidated Mining Company organized.

1899 (March). Consolidation of Old Jordan and Galena, Spanish, and Telegraph mmes, and organization of
United States Mining Company.

1899 (May). Highland Boy smelter in commission.

1899 (December). Bingham Gold and Copper Company organized.

1900. Shawmut mill erected.
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1900. Smelter of Bingham Gold and Copper Company erected at Bingham Junction.

1901. Concentration and enlargement of Highland Boy plant at the mine. '

1901. Steam railway extended to Upper Bingham.

1901 (May). Purchase of Dalton and Lark-Brooklyn-Yosemite group and consolidation with Bingham Gold
and Copper Mining Company as ¢ Bingham Consolidated Mining Company.”

BIBLIOGRAPHY.
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Devotes one and one-fourth pages to attitude of Mormons toward mining industry and to hisﬁory of
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Gives assays with apparent loss at Winamuck smelter, and states that loss is less than at any other
works in the West, except at Eureka.

See Hahn, O. H.
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102 GEOLOGY OF BINGHAM MINING DISTRIOCT, UTAH.

Utae Boarp orF Trape. List of mines of Utah represented by samples of ore at
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CHAPTER IL ‘

CHARACTER OF THE ORES.

GENERAL FEATURES.

Types of ore.—The ores of Bingham contain a number of the useful metals.
Mining activity has been devoted successively to oxidized gold ores, oxidized
ores of lead, silver, and copper, sulphides of lead, and, finally, sulphides of copper.

The oxidized gold ores, owing to enrichment through superficial alteration,
carried good values, but were not commercially profitable. Although some of the
gold was free, no entirely satisfactory treatment of the gold ores was devised, the
commonly accepted explanation of failure in this respect being that the presence
of copper required too much cyanide to leave a profit. The carbonates of lead
and silver carried high values and were treated with comparative success, but are
to-day worked out. ILead-silver sulphides later assumed commercial importance,
and, under the effect of good market values, lead ore is still extensively mined.
~ This ore is made up of galena, tetrahedrite, considerable zinc sulphide, pyrite,
and chalcopyrite in small amounts, quartz, and calcite. The mainstay of the dis-
trict, however, is copper-iron sulphide ore. It is composed of chalcopyrite and
cupriferous pyrite and of the black sulphides of copper, with occasionally a little
galena and zinc in a siliceous gangue.

Mineralogical features.—Bingham ores have revealed neither a great variety nor
a rarity of minerals. Pyrite is the most common metal; large and well-developed
crystals have been found.® Chalcocite, chalcopyfite , and galena are usually massive,
though a few crystals have been found. Argentiferoﬁs tetrahedrite is associated
with galena mn the fissure ores. An occurrence of enargite exhibits excellent crystals.
Luckite and mallardite, which were first described from this district, are found in
the Lucky Boy mine, in Butterfield Canyon. Tellurium, probably combined with
high gold and silver values, occurs associated with rich black copper sulphides. So
far as known, pisanite has not heretofore been described from this country, and the
occurrence of that mineral in Bingham has not been previously published.?

¢ An aggregate of cubes, which was supplied to Dr. F. W. Clarke, chief chemist, U. 8, Geological Survey, for exhibition
at the Buffalo exhibit, was collected in the Iron stope, Compromise level, Old Jordan mine.

b Since the analysis of this specimen was made, and since this description was written (in 1901), an analysis of a small
specimen from California has been published by Mr. W. T. Schaller in Awn. Jour. 8¢i., 4th ser., vol. 17, 1904, p. 193,
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Grades of ores—DBingham mines are steady, reliable producers of low-grade
copper-iron ore in fair amounts and of good lead-silver ore in smaller quantities;
bonanzas arc rare exceptions. The copper ore is of such grade as to necessitate
extreme economy in handling in order to secure profit. Only a fraction of the lead
ore can be smelted directly. Considerable amounts of both the copper-iron and
the lead-silver ores are advantageously concentrated. Zinc is frequently present
in high percentages, but has not been deemed of commercial importance, though
i has never received due attention.

MINERALOGY OF THE ORES.

The minerals which compose the ores include the ore minerals and the gangue
minerals. The ore mninerals are taken up in the order of the importance of their
metals in Bingham ores, and under each metal are described in the following chem-
ical order: Sulphides, oxides, carbonates, sulphates, and native metals. The char-
acteristic gangue minerals are considered in the order of their prevalence. In
these descriptions chemical and crystallographic technicalities are omitted; certain
new occurrences, the.rarer minerals, and questions of special mineralogical interest
are more particularly considered. The aim has been, however, to afford untech-
nical descriptions of the occurrence, association, and physical characteristics of
the typical ore minerals.

ORE MINERALS.

Pyrite—This mineral appears in every type of ore, and is the most common -
metallic mineral known in Bingham. It forms the bulk of immense replacement
ore bodies in limestone, plays a secondary role in fissure ores, and is thoroughly.
disseminated through igneous rocks. It is probably purest' when in the form of
crystals lining vugs in large bodics of iron which occur in limestone adjacent to
fissures. In such cases it is noticeably pale and brittle. A sample of such crystals
yielded, after a most refined examination by Dr. L. N. Stokes, of the Geological
Survey, 16.8 per cent sulphur, oxidizable on. a basts of 61 per cent sulphur in theo-
retically pure pyrite, and only a ininute trace of copper—considerably less than
one-hundredtl of 1 per cent. From this pure type it ranges through various
stages of impurity and is intimately combined with chalcopyrite, pyrrhotite, and
alteration products of the primary sulphides.

The fine-grained and compact structure of the crystalline varieties frequently
gives way to a coarse-grained granular facies with coarse, honeycomb structure
_In the massive types.

Large and very perfect crystals have been found, and smaller ones are extremely
common, alike in the main iron masscs, sprinkled through lean limestone, and in
quartzite. The finest crystals seen during the study of the district lined a vug
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in the Old Jordan mine, Utah level, Compromise stope (see Pl. XVIII). They
show cubic forms, 2 inches square, finely striated by twinning with the pyritohedron
(pentagonal dodecahedron). Behind this ]ining of cubes, at a distance of 1 to 2
inches, occurs a zone of smaller imperfect crystals which show pyritohedral forms,
striated by twinning with the cube. Vugs in this zone contain clusters of quartz
crystals; but the reason for this change in the form of crystals from a modified
pyritohedron at the earlier period to a modified cube at the closing period is
uncertain. . : '

The association of copper 1}1'mera,ls with pyrite has led -to active exploration
for large bodies of pyrite in limestone. The nature of this association is briefly
considered under chalcopyrite. No other commercial value is attached to pyrite
in Bingham, so far as known, except the utilization of its sulphur and iron in smelting.
This is very successfully accomplished at .the matte or semipyritic plant operated
by the Bingham Consolidated Company at Bingham Junction.

Pyrrhotite—Although no mention of the occurrence of pyrrhotite in this
district is-known, 1t has been found in specimens of low-grade sulphide ore from
the Highland Boy mine, and tests on pyritic ores ‘collected generally throughout
the camp give in each case light-colored metallic particles which are magnetic.
It occurs in massive form, associated with massive chalcopyrite and massive and
crystalline pyrite, and it may be distinguished from these sulphides by its pinkish
or flesh color and its magnetic property. In certain specimens from the Highland
Boy it is much more abundant than pyrite and somewhat more than chalcopyrite
Neither macroscopic nor microscopic examination gives evidence that it is yet
being transformed to pyrite.¢ From the association it would appear to be one
of the primary sulphides. .

Chalcopyrite.—This mineral is common in small amounts in various types of
deposits in Bmgham. It occurs scattered in small patches throughout the pyrite
bodies, in limestone associated with the pyrite bands, in fissure lead-silver ores,
and it is disseminated in grains throughout the main porphyry bodies. No large
bodies composed solely of this mineral are known. Its most usual association is
with pyrite and chalcocite.

The precise nature of this assoctation of chalcopyrite with pyrite has long
been an unsolved problem. Apparently chemical mineralogists have been unable
to determmne (1) whether copper replaces a portion of the iron in pyrite and thus
forms chalcopyrite in chemical union with pyrite, or (2) whether the chalcopyrite
exists solely as a separate mineral in an intimate physical mixture with pyrite.
Macroscopic examination of samples of cupriferous pyrite from Bingham, Utah,
from Morenci and Bisbee, Ariz.; and from Rio Tinto, Spain, show that chalco-

aLindgren, Waldemar, The gold-quartz veins of Nevada City and Grass Valley distriets, California: Seventeenth Ann.
Rept. U. 8. Geol. Survey, pt. 2, p. 147.
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pyrite exists in these largely in a state of physical mixture. In thin sections of
these ores minute glistening grains may be seen in the pyrite. It has been sug-
gested ¢ by Frank H. Probert that these grains are chalcopyrite minutely dissem-
_inated through the pyrite, and his observation that they are numerous in the raw
ore and much less numerous in the leached product would seem to support this
view. .

A comparative study of specimens in which chalcopyrite is microscopically
visible and of others in which it is not, and again of leached and unleached cuprif-
erous pyrite, tends to prove that chalcopyrite occurs in a state of physical mixture
with pyrite, not only in macroscopic quantities but also in minute microscopic
particles. This fact may explain the presence of copper in samples of cupriferous
pyrite in which chalcopyrite was not known to occur. It does not follow, how-
ever, that all copper and cupriferous pyrite occurs in chalcopyrite as a physical
mixture with pyrite. The conclusions reached through this study tend to largely
increase the estimate of the amount of copper which is known to occur in this
form, and proportionately to reduce the estimate of the amount of copper which
is known to exist in chemical' combination with the pyrite. The occurrence and
the origin of cupriferous pyrite in igneous rocks are questions of no less scientific
interest. Comparative microscopic studies of the monzonite of Bingham in its
several stages of alteration afford definite evidence concerning these questions,
which are fully discussed under the heading ‘‘Genesis of ores’’ (p. 168). In brief,
it appears that the chalcopyrite in this intrusive was deposited as a secondary
product subséquent to the date of intrusion.

This mineral varies in structure, beihg in some cases homogeneous and struc-
tureless, in others granular, and in others granular to scaly, with plates having a
conunon orientation in bands that form a pseudoschistose structure. It is gen-
erally massive, but crystals nearly 2 inches in diameter have been reported.

Economically, chalcopyrite is the most important of the primary sulphides.
Pyritic copper ore (chalcopyrite in pyrite) runs from a small fraction of 1 per cent
to over 15 per cent copper, and averages approximately 34 per cenl copper. In
the cupriferous pyrite bodies of the Highland Boy mine the copper content is a
little higher than this approximate average.

Bornite—This mineral has been observed in Bingham, but is not common.
Small quantities occur in intimate association with chalcopyrite in the large replace-
ment ore bodies. An excellent specimen was supplied from the Highland Boy
mine.

a Report prepared by Frank H. Probert for Dr. James Douglas, president Copper Queen Mining Company. on the
**Leaching of pyritic copper ores as conducted at Rio Tinto, Spain.”’ The suggestion here presented resulted from a
microscopigrexamination of the Rio Tinto ores by F. H. Probert with Professor Judd.
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Tetrahedrite—The variety of tetrahedrite found in this district, consisting of
sulphide of (?opper and antimony, with associated silver, zine, and antimony, occurs
both in massive and in crystalline form. The massive variety is much more
common than has been usually supposed. The dull, dark-red streak that is char-
acteristic of this argentiferous variety has caused this mineral to be taken for
\ruby silver (pyrargyrite, or proustite), but tests made by Drs. W. F. Hillebrand
and E. T. Allen, of the United States Geological Survey, have shown the presence
of abundant copper, and of arsenic, antimony, and silver. Accordingly, it would
appear on a qualitative basis to be the argentiferous variety of tetrahedrite, {rei-
bergite, which is closely allied to the tennantite series.

The massive type occurs in the lead-silver fissure ores in irregular bands and
patches, and is fine grained, compact, brittle, and homogoneous, with metallic
luster, dark-steel to lead-gray color with a pale greenish-bronze hue, and affords
a dark-red streak. Its characteristic line and streak distinguish it from its asso-
ciates, galena, blende, and chalcopyrite.

The bands studied in the Silver Shield ores lie close to the walls and are inter-
mediate in age between the earlier blende and the later chalcopyrite and galena.
. A single group of crystals was seen from the Northern Light tunnel. A specimen
from a vug in the quartzite foot wall of the Winamuck lode, on the 140-foot level
east, shows crystals which exhibit the plus tetrahedron modified by the plus trigonal
tristetrahedron (trigondodecahedron) and the dodecahedron. This variety of
tetrahedrite, in which the silver probably replaces a portion of the copper, occurs
in considerable quantity in argentiferous lead ores in Bingham. A picked sample
of tetrahedrite from a single specimen of Silver Shield ore assayed 325 ounces of
silver per ton. '

Tetrahedrite has also been found by chemicdl‘analysis to be present in the
black copper—sulp}ﬁde ores. A specimen from the Kempton mine shows tetrahe-
drite in crystals and as a thin film coating chalcopyrite implanted upon the later
of two generations of pyrite crystals (see Pl. XXXVIII, B).

Binnite.—This rare mineral (a sulphide of copper and arsenic) is reported ¢ to
have occurred in a very soft, blue clay in the Tiwaukee mine, but none was recog-
nized at time of wvisit. .

Chalcocite.—This black sulphide of copper occurs as a dull-black powder,
or earthy material, in replacement bodies in limestone. It is found below
the carbonates above the primary sulphides in considerable quantities in the
Commercial and Telegraph mines, and less plentifully in the Old Jordan, Fortune,
and Columbia mines, though in the last instance the loose, comminuted form
gives way to a compact, brittle type, of metallic luster and of faint blue tarnish.

a Huntley, D. B., Tenth Census, vol. 13, p. 411.
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Bodies of the black sulphide are seldom pure, but are iriterbanded-wit? cupriferous.
pyrite, which is also distributed throughout their mass in small grains (see PL
XXXVIII, ). Chalcanthite and siliceous matter,- tenorite, and probably melac-
onite,  are assoclated in small amounts. TIn-its typical massive occurrence it is
difficult to distinguish by eye from the black copper oxides, tenorite and melac-
onite. Chemical analysis of typical black -copper-sulphide ores from the Tele-
graph, -Commercial, Old Jordan, and Fortune mines shows that the greater part
of the black material in their rich, black sulphide ores is chalcocite. - As it has a
copper content of 79.8, as ‘compared with 55.5 in bornite and 34.5 in chalcopyrite,
it is-the most desirable of the copper sulphides, and constitutes the richest grade
of the first-class sulphide ores. In a fresh sample from the Commercial mine
Dr. E. T. Allen, of the United States Geological Survey, found 42.3 per cent of
copper. :

Cubanite.—This mineral, an iron-copper sulphide, is intermediate in composi-
tion and physical aspects between pyrite and chalcopyrite and is between a bronze
and brass-yellow in color. Tt has been found, according to report,in “pyritous low-
orade ore” in the lower workings of the Winamuck.

Enargite.—This mineral, an arsenical sulphide of copper, was found in a small
cavity on a fracture zone in the quartzite of the haﬂging wall cut by a crosscut running
north from' the work tunnel of theCommercial mine and in the Higliland Boy mine.
The 'cavity in the Commercial mine was lined with large, well-developed crystals of
epargite. This coating, which was from 1 to 4 inches thick, was separated from
the main wall at many but not at aH points by a band of massive and semicrystal-
line pyrite, which was clearly earlier than the enargite, and which is seen in thin
section to be a replacement of quartzite. Although microscopic examination shows
‘the enargite, also, to be a replacement of quartzite, it does not afford positive evi-
dence regarding replacement of pyrite by enargite.

The enargite occurs in irregulai masses consisting of well-developed wedge-
shaped crystals, some of which measure an inch in length (see Pl. XIX). Individuals
present the basal and micropinacoids and unit prism; oscillations between the
micropinacoid and the prism produce twinning striations.. Prismatic cleavage is
perfect, micropinacoidal fair, and brachypinacoidal poor (see Pl. XIX-A). Occa-
sionally wedge-shaped crystals occur grouped about a céntral axis (parallel to ¢),
the wvertical axes of all being parallel, and a junction of the prism faces of each in
contact with cori:esponding junctions in adjacent crystals, so that they form a
6-rayed stellate rosette (see Pl. XIX, B). This mineral on [resh fracture is of steel-
gray color and meétallic luster but becomes on exposure dull gray-black and luster-
less, and, ldcally'; a faint robin’s egg blue bloom appears. As the occurrences in
-Bvin,gham include only a few pounds this mineral is not of commercial importance.
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Tennantite—This mineral, an arsenical sulphide of copper, has been reported
to occur in Bingham in minute crystals or botryoidal incrustations.”

Bournonite (?).—A single specimen resembling this somewhat uncommon
compound of lead, copper, antimony, and sulphur is tentatively classed in the
bournonite group. A few crystals were found in the Highland Boy mine in small
vugs in rich cupriferous pyrite at the top of the primary sulphides immediately
underlying the zone of surface alteration. They are.dark lead-gray in color, of a
highly perfect metallic luster, and complexly striated and twinned. Lack of
material prevents exact chemical determination, and accordingly it is identified
by its extremely close resemblance to material collected by Dr. F. 1. Ransome
at Rico, Colo., and determined by Dr. W. L. Hillebrand as a lead-copper sulphan-
timonarsenate. .

Covellite.—This mineral, a sulphide of copper, was found sparingly in a sample
of high-grade sulphide ore from the Northern Chief mine, and in a cabinet specimen
from the Old Jordan mine. It occurs ip massive form as small, irregular patches,
and aiso as a film upon chalcopyrite in association with galena, pyrite, and sphal-
erite. It may be readily identified by its charactenstic indigo-blue color.

Tenorite—This black copper. oxide occurs intimately associated with the
chalcocite ores as a very fine-grained, dull black, earthy powder (melaconite) and
also in scales with metallic luster as tenorite proper. It is usually present in the
black copper sulphide ores of the distriet 1n association with chalcocite. As the
theoretical copper content of tenorite (79.8) is the same as that of chalcocite, it
i1s not necessary for commercial purposes to discriminate between these two rich
copper minerals.

Cuprite—This mineral, a red copper oxide, is rare in workings which are now
accessible, an occurrence in the old workings of the Commercial mine being the
only one observed. In this instance irregular grains one-eighth of an inch or less
in diameter and minute seams and filaments occur intimately disseminated through
a brown, altered limestone. The larger grains and seams are made up of cores of
cuprite inclosed by malachite, and the smaller ones are now entirely malachite.
A cabinet specimen reported to have been taken from eatly workings in the Old
Jordan mine exhibits cuprite in association with black sulphides of copper and
native copper. , '

Malachite —This mineral, a green copper carbonate, has been found through-
out this district in the superficial portions of the copper ore shoots in considerable
masses, but is no longer common in any quantity. It occurs in globular masses
and in bands or lamins equivalent to portions of stratigraphic members. In
samples in which carbonization is only partial it forms an envelope about sulphides

a Personal communication from A. F. Holden.
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and oxides. It is intimately associated with the blue carbonate of copper, but it
appears in certain instances to have formed earlier. Various structures are assumed
such as globular and banded, while in rocks which have been sheared and which
show a pseudoschistose structure, malachite forms thin lamelle along the shear
planes. No well-developed crystals were seen; imperfect acicular prisms are often
distributed in stellate aggregates. Owing to the high copper content of the car-
bonates and the facilit‘y with’which they may be reduced they ‘were early sought
and mined as the most desirable type of copper ore, and consequently are- now
practically exhausted.

Azurite.—This mineral, a blue copper carbonate, is commonly associated with
malachite in the superficial portions of cupriferous ore shoots, and acéordingly is
found mainly in the limestone replacement bodies. In specimens that show partial
replacement it occurs in bands alternating with unreplaced laminz. Botryoidal
masses occur in small mammillary groups. Although it is reported that crystal
forms were numerous in the days of carbonate mining they are now rare. A few
imperfect wedge-shaped or tabular crystals were seen in sheaves and irregular
clusters. Azurite carries about the same percentage of cupric oxide (69.2) as
malachite (71.9), and no cominercial distinction is made between these two principal
constituents of ‘‘carbonate copper ore.’’

Natwe copper.—Copper in the native state was found in two mines, and has
been reported from other properties. Ih the Contention tunnel, the lowest level
in the Fortune mine, it occurs sparingly in both horizontal and vertical cracks, in
the quartzite imrnediately under the principal shoot of copper ore, in the form of
small scales and delicate arborescent plates. Specimens from the Neptune mine
occasionally equal the area of a human hand and are one-fourth of an inch in
hickness. No crystals have been seen or reported. On a specimen of copper
ore reported to have been taken from the Old Jordan mine, incrustations of native
copper made up of fine arborescent growths of acicular forms were observed.

Chalcanthite—This mineral (hydrous copper sulphate, blue vitriol, copper
vitriol) occurs abundantly in solution in mine waters and is deposited upon the
‘walls and timbers of underground workings in the {orm of coatings, stalactites, and
capillary tufts. Although crystals occasionally form, none were found sufficiently
developed for a thorough study. It may be readily recognized by its deep blue
color, highly astringent taste, and active dehydration when brought in contact
with a candle flame. So far as known, no attempt is now made to save the copper
transported in this form by mine waters escaping into the general drainage. During
the dry season the loss by this source is undoubtedly very small, but during the wet
spring season, when the amount of water in the mines is noteworthy, the intro-
duction of some such cheap and effective system as that now utilized at Butte,
Mont., and Morenci, Ariz., would result in a clear saving of copper at a nominal cost.

’
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Pisanite.—Qcecurrences of this mineral, a hydrous sulphate of iron and copper,
were recognized by Mr. A. F. Holden, managing director of the Umted States
Mining Company, as probably pisanite, and excellenft specimens, one of which is
represented in Pl. XX were supplied by him for determination. It occurs massive
in stalactitic form, as a deposition in old workings from strongly acidulated recent
mine waters. Although not previousty described from this district, it is believed
‘that it will be found in abundance as one of the various similar products resulting
from the alteration of the copper-iron ores. Composite stalactites were found
which measured over 5% inches in diameter at the base and over 1} feet in length
(see Pl. XX). Fresh specimens are bright sky blue in color and semitransparent,
of vitreous luster, very low in scale of hardness, and easily solubte. On exposure,
however, the firm, glassy character and clear color are lost, as the mineral alters
to a dull, pale robin’s-egg blue or blue-green color, with pinkish-brown and yellow
discolorations, becomes ocherous, and in time crumbles into a fine-grained, dirty-
gray powder. - The surface of the stalactites is commonly rough and rounded into
pseudobotryoidal forms, and it shows over small areas a structure resembling a
disordered pile of empty boxes. Small, imperfectly developed crystals are occa-
sionally found embedded on newly formed stalactites. Fresh portions of this
mineral, on analysis by Dr. W, F. Hillebrand in the laboratory of the United States
Geological Survey, show a composition very close to that of the original specimen
from Turkey.

\
Analyses of pisanite.

Ta IIb IIL.c
10 T U el 1098 1413
CuO-.\oeeenee e 15.56 | 10.07 12. 60
/1L AR SR PRI .10
o T | 20.90| 28.84 28. 52
< o R 43.56 |...o...... 44.92
Total ............. e 100.00 {.......... 100.27

a Original from Turkey, 1839; analyst, F. Pisani.
bFrom Tuscany; analyst, C. Ilintze.
¢0l1d Jordan mine, Bingham, Utah, 1900; analyst, W, F. Hillebrand.

The small amount of zinc occurs as an impurity, which, like the copper, prob-
ably replaces a portion of the iron. By disregarding this impurity, it is found that
the formula calculated from the analysis of the Bingham specimen accords, within
a small decimal, with the general theoretical formula for pisanite, namely, (Fe, Cu)
SO, + 7H,0. | ’ :

Galena.—This is both the most common and the most important metallic
mineral found in the lead ores of this district. It occurs in tabular bodies in or

r
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- adjacent to fractures which intersect limestone, shale, porphyry, or quartzite, or
in two or more of these. It is sometimes found in limestone in scattered, small
amounts. Most commonly it occurs in irregular bands roughly intercrustified
with similar bands of pyrite and chalcopyrite, calcite or quartz, and zine blende. In
certain instances the galena bands have mammillary surfaces facing the interior
of the vein, and the individual lobes extend into a core of crystalline or semicrystal-
line calcite. In other occurrences the above minerals are irregularly interspersed
with one another without definite arrangement. The following minerals have also
been found associated with galena: Cerussite, magnesian siderite, tetrahedrite,
barite, rhodochrosite, sericite, and gypsum.

Crystals of galena are rare. A specimen from the Northern Light mine exhibits
cubes of galena and pyritohedra of pyrite resting on a siliceous base and bearing
rosettes of acicular quartz crystals. The galena crystals are small (one-half inch
in length) dnd imperfect, but show the cube elongated to an oblong, very slightly
modified by the octahedron. The skeleton forms give the appearance that the
crystals are made up of a great number of thin plates, whose edges are parallel to
the octahedron and whose angles are truncated parallel to the cube. Both the cleav_
able and the fine granular types of the massive variety of galena are found, the
coarsely cleavable being by far the most common. This type is made up of numerous
bunches, unsystematically grouped, so that the cleavage planes are discordant
in adjacent bunches, and on their polished faces the cleavage plates in some of the
fissure ores are curved and apparently crushed and distorted (Pl. XXIV, A).

Much of the lead-silver ore has to be concentrated, the ratio ranging from 3 to
6 into 1. Zinc is a coramon accessory in lead ores and in several instances has run
so high as to render exploitation unprofitable. It is commonly observed here,
as elsewhere, that the granular variety of galena forms a higher grade ore than the
cleavable. The lead content in the normal first-class fissure ore averages between
40 and 50 per cent.

Massicot.—On a specimen of altered lead ore a mineral occurs, which in color,
luster, texture, and streak resembles this oxide of lead. The amount found is
insufficient to permit chemical determination. ‘

Cerussite.—This mineral (lead carbonate) has been found in several properties
in the superficial portions, where it occurs as an alteration product of galena. In
the York mine, at the junction of the west incline with the west drift, a vug, lined
with fairly well-developed crystals, occurred in the oxidized York vein. These
crystals are grouped in imperfect stellate aggregates made up of individuals which
exhibit the basal, the micropinacoid, microdome, the brachypinacoid, and modifi-
cation by the prism. Occurrences are now becoming infrequent, though in the
days of carbonate ore excellent specimens of this mineral are reported to have
been found in the Jordan, Yosemite, and Lead mines, and elsewhere.
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Anglesite.—This mineral (lead sulphate) occurred, it is said, in association
with other lead mincrals in the Old Jordan mine, and elsewhere. Thus, Huntley
states that ‘‘on the footwall of the vein (Jordan) immmense bodies of cerussite,
with some anglesite and galena, were found.””« A dark-green, massive variety
(Pl. XXXVIII, A), a laminated, gray variety, and normally light-gray incrustations
and imperfect crystals of high luster appear on hand specimens of lead ore.

Dujrenoysite.—This lead arsenic sulphide has been reported ¢ from the Wina-
muck mine, but none was observed at time of visit. .

Pyrargyrite.—According to general belief ruby silver (silver-antimony sulphid:)
occurs in the Silver Shield, Winamuck, and other mines. None, however, has been
recognized. Crystalline specimens reported to be ruby silver have proved, upon study
of the crystal forms, to belong to a different crystal systemn, and upon chemical
- determination by Drs. W. F. Hillebrand and E. T. Allen, have been found to be
tetrahedrite (see Zetrahedrite, p. 107).

Cerargyrite.—This mineral (hornsilver, silver chloride) has been reported from
the Winamuck mine.¢ '

Silver—Native silver has been reported from the district and was suspected in
several instances to occur in lead ore, but during the present examination it was
not found. Yet the lead-silver ores carry from a few to over 200, and in one case
over 625 ounces of silver per ton. Assays of picked samples of possible silver-bear-
ing ore minerals by Doctor Allen show where the silver lies. A composite sample
of massive tetrahedrite yielded on fire assay 325 ounces to the ton. Granular
galena gave 10 ounces, and a sample made up of cleavable galena from four mines
showed 18.9 ounces of silver. Finally a sample of black copper sulphide ore from the
Commereial assayed 58.6 cunces silver. A very small portion of this amount may
have been included in pyrite grains. But chemical analysis of this black material
by Doctor- Hillebrand revealed the presence of tellurium and led him to report that
““‘From the amount of tellurtum present it seems probable that the silver and gold

7 Similar

both exist as tellurides and that the silver is not in the sulphantimonite.
determinations on the associated original yellow mineral, probably mainly pyrite,
gave 3.32 ounces silver and a little tellurium.

These specific determinations show that silver oceurs highest in the tetrahedrite:
next in black sulphide, probably as a telluride, and next highest in the cleavable and
granular varieties of galena, respectively. These facts seem to explain the high
content, of silver in those ores in which tetrahedrite occurs, and also the occurrence
of silver when pyrite alone is present. And they further reveal the probable

presence, hitherto unsuspected, of tellurides.

: a Huntley, D. B., Tenth Census, vcl. 13, p. 409.
b Personal communication from A. F. Holden, and Dana’s System of Mineralogy, 6th ed., p. 1093.
¢ Huntley, D. B., Tenth Census, vcl. 13, p. 411,
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Gold.—This mineral has been mined in Bingham in pay grade in two forms—in
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